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BLAC K-WHITE NONVERBAL COMMUNlyATION: 
PERSONAL SPACE ANALYSIS 
Robert F. Forston 2 
and 3 Jon L. Ericson 
pp. 1-6 
ABSTRACT. Personal space and shoulder orientation behavior of black 
and white subjects in triads were observed during task-oriented ses-
sions. Dyadic relationships were analyzed in terms of race and sex . 
Significant differences emerged between middle-class black and white 
spatial behavior . Black subjects interacted at closer distances than 
white subjects but were less direct in their shoulder orientation. 
Racially mixed dyads maintained greater physical space than white or 
black dyads, whereas shoulder positions were most direct in mixed dyads. 
Proxemic behavior between blacks as a majority and blacks as a minority 
in racially mixed triads revealed no significant differences . Black 
men and white women speaking to each other kept much more distance 
than men and women of the same race. 
INTRODUCTION 
Hall (1963, 1966 ) postulated that the regulation of personal space 
is the result of cultural and subcultural learning. Baxter (1970) found 
that black subjects tended to stand at greater dis tances and that Mexi-
can-Americans interacted at ve ry close distances. One of Baxter 1 s find-
ings was a confirmation of an earlier, widely cited finding by Wi 11 i s 
(1966), who found that Negroes stood farther apart from each other than 
did Caucasians. Will is also discove red that Negroes and Caucasians 
speaking to one another kept the greatest distance of all. Subs equent 
empirical research has been inconclusive in the support of the above 
hypotheses. Watson & Graves (1966) found differences in proxemic be-
havior between Arab and American cultures. Jones (1971), on the other 
hand, found striking cultural homogeneity in spatial orientation among 
four lower-class subcultures in New York City. Forston & Larson (1968) 
found no significant d ifferences between Latin Americans and North 
Americans. Aiello & Jones (1971) reported statistically significant 
evidence that b l ack, lower-class children stand closer to each other 
than do white, middle-class children. 
1This research was funded by the Drake University Graduate Research 
Council. 
2Associate Professor of Speech Communication, Drake University, Des 
Moines, Iowa 50311. 
3Department Chairman and Professor of Speech Communication, Drake 
University, Des Moines, Iowa 50311. 
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In light of the conflicting findings of previous research, the 
p resent study was designed to investigate the spatial orientation be-
havior (distance and shoulder orientation) of three groups: blacks 
communicating with blacks, whites with whites, and blacks with whites. 
A secondary purpose of this investigation was to describe the personal 
space behavior of black subjects in a racial majority (two blac ks and 
one white) and black subjects in a racial minority (one black and two 
whites). 
METHOD 
Subjects 
Seventy-two subjects (35 black and 37 white) were chosen at random 
from the Drake University community. 
Measurements 
Three trained observers estimated the spatial behavior (distance 
and shoulder orientation) between dyadic int e ract ants. Each observer 
made two notations of behavior during the seventh and during the 
eleventh minutes of group interact ion. Each personal space dat um re-
ported in this study is a mean -- the result of combining s ix est imates 
(two estimates per observer). The actual estimations we re made in 
terms of feet and quarter feet; the mean estimates we re later converted 
into inches for this report. lnterobserver reliability was r = .86 . 
The shoulder ax i s positi ons were adapted from Hal l's (1963) proxe-
mic notational method. Shoulder axis was defined in refe rence to the 
degree to which the interactants 1 shoulders were turned toward or away 
from one another. Observations were made on a scale running f rom 0 to 
8, corresponding to the eight points of a compass. As can be seen 
(Figure l) in a 11 zero11 position, t he subjects were in a direct, face -
to-face sit uation with the shoulders parallel to one anothe r . In a 
11 one position 11 the subjects were s lightly face-to-face with shoulders 
at a 45° angle to one another. 
SHOULDER AXIS POSITION 
AERIAL 
VIEW 
1 
I-'/ 
2 
Figure 1. Examp les of axis posit ions and scores 
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Procedure 
The subjects were divided into three general classifications: all 
black, all wh ite, and mixed (two black/ one white or one black/ two white). 
In each category triads were formed, and they were asked to make a group 
decision on the priority of d istributing funds at the university. The 
subjects discussed their decision in the lounge of a university house 
with a fireplace, easy chairs, and tables and lamps. The subjects 
were permitted to select any chair, but the easy chairs were arranged 
in a standard position necessitating a rearrangement of the chairs for 
the discussion. 
Spatial-orientation behaviors were record ed between dyads, re-
sulting in data for 72 dyads -- 24 dyads in each of the three classifi -
cations. 
RESULTS 
Race and Sex: Personal Space 
Distance relationships as a function of racial composition of the 
decision-making group and of sex of the int e ractants are summarized in 
Table 1 and were examined wit h the t - test of means . An important find -
ing of this study is that black dyads tended to maintain closer per-
sonal space (mean = 54 in ) than that of two whites (mean = 62 in ). The 
t -value of the mean difference came close to meeting the critical t-
value of l .67 for P = .05 (t = 1.62, . lO>P>.05); Will is (1966) con-
sidered P =. 10 as sufficient fo r a statistically significant difference. 
Racially mixed dyads (a black subject with a white subject) kept the 
greatest distance between themselves (mean= 64 in); as compared to 
black dyads, this distance was statistically s ignificant (t = l .63, 
. lO>P >.05). 
The sex of interactants also appears to be important in noting 
proxemic communication. Women communicated at closer distances with 
each other (mean = 49 in ) than men (mean = 62 in). The t-test for the 
above yielded at= 2.6, P <.01. Male - female dyads maintained the same 
distance as two males, save one noteworthy exception: black men kept 
a substantially greater distance between themselves and wh ite women 
(mean = 74 in) as compared to black women (mean = 47 in). A t - test of 
this difference revealed statisti cal significance (t = 3.3, P< .005). 
Race and Sex: Shoulder Orientati on 
For the shoulder axis orientation also see the summary in Table 
l . Th e mean axis position of black subjects (mean= l .9) was least 
direct in interaction (the higher the number, the less direct), whereas 
the shoulder axis positions of the racially mixed dyads were the mos t 
direct (mean= l.2 ) . At-test yielded the result t= 2.3, P< .025 . The 
mean shoulder orientation of wh ite dyads (mean= l .7) was in between 
those of the black and mixed dyads . The shoulder orientation of ma le 
dyads (mean= 1.9) was the least d irect and was statistically signifi -
cant from the more direct shoulder axis of female dyads (mean= 1.5). 
The t - test for this difference was t = 2.2, P <.05. The axis of male-
female dyads was the same as that of female subject s. 
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Table l. Mean personal space and shoulder positions according to 
racial and sexual preferences 
Type Personal Shoulder 
of Space Positions Dyad (inches) 
Condition 
Black 59 l .9 
Race White 62 1. 7 
Mixed 64 l .2 
F-F 49 l. 5 
Sex M-M 62 l. 9 
M-F 62 l. 5 
Blacks as a Majority or Minority 
In the mixed groups subjects were placed into small groups in which 
the blacks composed either a racial majo rity or a minority. Since dis-
tances were determined in dyadic situations, nine dy ads of blacks as a 
majority and fifteen dyads of blacks as a minority existed. The personal 
space which blacks as a racial majority ma intained wi th other blacks 
(mean = 61 in) was closer than with whi te subjects (mean= 67 in). A 
t-test, however, revealed no significant d ifference (t = 0.7 n.s.). The 
spatial distance which blacks as a minority mainta ined wi th other blacks 
(mean= 61 in ) was almost the same as the distance with whites (mean= 
62 in). The shoulder orientation for blacks as a majo rity (mean= l .8) 
tended to be less direct than blacks as a minority (mean= l .3), but 
the t-test did not indicate a significant mean difference (t = 0.9 n.s.) 
DISCUSSION 
The implications of this investigation provide some new insights 
into the use of personal space and shoulder orientation. A finding of 
this present study wh ich is opposite of Will is' s (1 966 ) and Baxter's 
(1970) is particularly noteworthy: that black subjects tend to com-
municate at closer distances than either white subjects or white and 
black subjects together. This discrepancy could be a function of dif -
ferent postures since the subjects stood, both in Will is's and Baxter's 
research, and the subjects in this study sat in chairs. This discrep-
ancy could also be the result of the nature of the interaction, a deci-
sion-making task for this study, whereas both Willis and Baxter had 
their subjects interact momentarily in social situations. It may be that 
blacks prefer to sit closer together when discussing a serious topic 
than when engaging in brief social interaction. Although blacks spoke 
to one another at closer distances, they engaged in the least direct 
shoulder orientation. A finding which is mixed in its predictability is 
that a black and a white interacting together usually maintained the 
greatest personal space but engaged in the most direct shoulder orienta-
tion. 
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In small groups neither the personal space nor the shoulder axis 
behavior of black subjects in a racial majority diffe red signi f icantly 
from the proxemic behavior of blacks in a racial minority. One explana-
tion for this lack of d ifference may be that triadic situations fail to 
heigten a maj orit y versus mi nority perception in the subjects, whereas 
groups of a larger size may emphasize such a perception. Thi s idea 
shoul d be fu rther investi gated both wi th a large r N and larger sized 
groups. 
Sex d ifferences also appeared in the observations of proxemic 
behavior. Not only do women interact at closer distances with one 
another than do men or a ma n and a woman, but women communicate in mo re 
direct shoulder orientation behavior than do men. When one considers 
Mehrabian's (1968) research that di rectness of shoul de r positions i s 
positively correlated with the amount of eye contact, this outcome for 
wome n seems to be consistent with the findings of Argyle and Dean 
(1 965 ) and Ex line (1963, 1965 ) which show that females engage in more 
eye contact. This study provides some support for Jone s's (1971) 
speculation th at women engage in more direct orientation behavior than 
men , rega rdless of their cultural or subcultural group members hip. 
Another res ult worth noting is that black men and white women speaking 
to one another maintained substantially greater personal space as com-
pared to black women an d black men. 
Even though past generalizations have characterized the communica-
tion behavior of middle - class black Ame rican s as similar to that of 
middle-cl ass white Americans, the results of this investigation as a 
whole provide evidence that some important proxemic d ifferences do exist 
between whites and blacks. The implication is that middle-cl ass blacks 
a r e st ill in some respects a subcultural group, whose proxemic be-
haviors--both pe r son al space preferences and shoulder axis preferences 
as well a s possible head and eye orientation--may be potential sources 
of misunderstanding in face -to- face subcultural exchanges. 
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SYRINGEAL HISTOLOGY. l. JAPANESE QUAIL, 
Coturnix coturnix japonica 
Charles J. Ell is 1 
pp. 7-46 
ABSTRACT. Detailed microanatomy is reported for the antepessular, 
pessular, and postpessular syringeal regions of the Japanese quail. 
Disagreement with a recent work (Fitzgerald, 1969) concerning this 
bird is discussed. The syrinx is redefined and minor comparisons are 
made among the syringes of the common fowl, meadow lark, and Japanese 
quail. Site differences between tympanic membranes and syringeal 
valves are correlated among representatives of Turdus, Gallus, Coturnix, 
and Sturnella. Descriptions of intercrural d iverticulum, syringeal 
ridge, tympanoid layers, tympanic membranes, desquamating layers, 
syringeal valves, epipessular tunic, and pessular pedes tal are offered, 
together with hypotheses concerning their functions i n sound production. 
Certain descriptive terms are rejected in favor of more specific, shorter 
ones. Presence and significance of so-called 11 X1 1 cells are discussed. 
INTRODUCTION 
Studies of syringeal histology are scarce although the literature 
seems profuse with descriptions of its gross anatomy (Ames, 1971 ; Appel, 
1929; Beddard, 1885, 1903; Bradley and Grahame, 1960; Chamberlain, et 
al., 1968; Cover, 1953; Forbes, 1881, 1882; Garrod, 1879; Mayr, 1931; 
Mcleod and Wagers, 1939; Miller, 1934; Miskimen, 1951, 1963; Myers, 1917; 
Pycraft, 1912; Tymms, 1913; Warner, 1972; Weldon, 1883). The errors 
apparent in a recent work (Fitzgerald, 1969) describing gross anatomy 
and histology sparked this investigation. 
MATERIALS AND METHODS 
Only adult birds were used. They were electrocuted and some 
syringes were removed immediately; others were left~ situ and the 
birds were hung by the neck for 24 hours after the trachea of each had 
been removed. While the birds were hanging, either Bouin 1 s fluid or 10% 
buffered paraformaldehyde was forced into the trachea, syrinx, and lungs . 
Syringes were removed under conditions similar to those described by 
Ames (1971). 
The syringes were dehydrated in ethanol or tertiary butyl alcohol, 
embedded in paraplast, and cut at 7 microns. Hematoxyl in and eosin, 
Mallory 1 s trichrome, Lill ie 1 s allochrome, and Verhoeff's elastic stains 
were used. Some sections were left unstained for phase-contrast micro-
scopical examination. 
1Associate Professor, The Howard K. LaFlamme Memorial Research Labora-
tory, Department of Zoology and Entomology, Iowa State University, 
Ames, Iowa 50010. 
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RESULTS 
For ease of reporting, observations are grouped within three major 
regions of the respiratory tract (Figs . 1, 2). The antepessular region 
includes that portion lying anterior to the pessulus and includes the 
cartilaginous rings supporting the anterior edges of the lateral tym-
panic membranes but posterior to the area of overlapping cartilaginous 
rings of the respiratory tract. The lateral subportion of the second 
major region, the pessular region, courses between the posterior border 
of the first region and the cartilaginous rings supporting the posterior 
edges of the lateral tympanic membranes, whereas the medial subportion 
of the pessular region lies between the anterior face of the pessulus 
and the posterior edges of the medial tympanic membranes. The post-
pessular region 1 ies between the posterior border of the second region 
and the pulmonosyringeal junction. None of these regions can be de-
1 imited precisely. 
Figures 3 through 14 show the configurations of these regions as 
seen in representative coronal sections. 
Antepessular Region 
Epithelium 
The epithelium of this region is attached loosely to the lamina 
propria, and the two layers are separable easily. Most of the luminal 
cells are ciliated and many have terminal bars or a terminal web (Fig. 
15). Dispersed among them are numerous unicellular and some multi-
cellular glands. 
Cells longer than epithelial cells are included in the inter-
annular epithelium and are apposed to the cartilaginous rings (Fig. 16). 
Where this epithelium is shortened, the luminal cells are cuboidal to 
low columnar but an apparent layer of smaller cells exists between the 
luminal layer and the basement membrane. Because of the variat ion in 
cell height, the epithelium of this region appears pseudostratified or 
columnar, or ranges from stratified cuboidal to columnar, but every-
where it is medial to a thin basement membrane. 
Some isolated epitheli al cells are more prominent than others re-
gardless of the stain used. These single cells (herein termed 11 X11 
cells) are spheroidal with cytoplasm that stains slightly, if at all, 
with any stain used in this study (Fig. 15). Their nuclei are centrally 
located. Nucleoli are present and stain intensely with H&E. Some of 
these cells may show a tendency to penetrate the basement membrane. 
A peculiarity of this region is the prominent, low, somewhat 
triangular (in cross section) protrusion into the lumen from the ventral 
aspect of the respiratory tract (Fig. 17). This protrusion, termed the 
syringeal ridge, is caused by a thickening of connective tiss ue. The 
epithelium of this peculiar ity is pseudostratified, ciliated; it 
includes unicellular and multicellular glands. As the pessulus is ap-
proached within the tract, this bulge diminishes. 
Lamina propria, antepessular region 
The lamina propria in this region typically is thin (except that 
underlying the syringeal ridge), composed of areolar tissue, and is 
quite vascular. It melds with the perichondrium and is distinguishable 
from it with difficulty (Fig. 16) in places where the epithelium is 
thin. In most areas a space exists between the perichondrium and the 
basement membrane. This space and others similar to it may be an 
a rtifact, for in studies ancillary to this one no such space appears. 
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However, in the latter studies the techniques of killing the animal, 
fixing the tissue, and staining the sections were different from 
those used in the present study. Further studies on this facet are 
underway in this laboratory. 
Cartilaginous rings, antepessular region 
9 
The hyaline cartilaginous rings in this region rarely display a 
tendency to ossify. A possible exception is the ring immediately 
anterior and juxtaposed to the pessulus. These rings do not overlap. 
Near the pessulus the cross-sectional shape of each ring changes from 
fusiform to oblately ovoid with the flattened aspect being abluminal. 
Characteristically, these rings are separated from the adluminal lamina 
propria by a space. The abluminal space between these rings and the 
11outer layer 11 is less obvious. All cartilaginous rings, wherever situ-
ated, are assumed to lie wholly within the lamina propria. 
Outer layer, antepessular region 
This layer is quite thin, being composed of a simple layer of 
cuboidal to squamous cells which stain only f aintly wi th trichrome dyes. 
The epimysium of the sternotracheal is muscle is contiguous with this 
layer (Fig. 16). This outer layer is impossible to differentiate rou-
tinely from the perichondrium in regions where the two are juxtaposed 
medial to striated muscle (Fig. 16 ). However, with Mallory's trichrome, 
perichondrium and outer layer are distinguishable. 
A remarkable feature of this layer is the presence of patches of 
low columnar, ciliated cells (Fig. 16). 
Blood vessels, antepessular region 
In this region numerous blood vessels course circumferentially. 
The larger ones are found interannularly. 
Boundary between antepessular and pessular regions 
The posterior boundary of the antepessular region is marked histo-
logical ly by the lack of cil iation of the lumina l cells and does not 
coincide necessarily with the gross boundary set out above. This boun-
dary between ciliated and nonciliated cells (Fig. 18) is str iking, and 
occurs between the ring supporting the anterior end of the lateral 
tympanic membrane and the neighboring ring. Anterior to this demarca-
tion the epithelium is thicker and includes glands not found in the next 
posterior region. 
Pessular Region 
Pessulus 
Unique to this syringeal region is the bony pessulus, whose gross 
configuration is shown in Figure 19. Its cross-sectional shape varies 
with the level of the cut, being crescentic (concavity facing pos-
teriorly), circular, T-shaped, and nearly rod-like (Fig. 20). 
The dorsal and ventral terminations of the pessulus differ con-
siderably. The dorsal one curves forward as it courses ventrally and 
laterally. Were it flattened, this termination would be spatulate. Its 
connection with cartilaginous rings is tenuous. This end in dried speci-
mens separates from the cartilage and the connective tissue it adjoins. 
On the other hand, the ventral termination is plate] ike and lies in the 
frontal plane. It abuts numerous cartilaginous rings but is separable 
from them . In freshly killed birds this basal plate bears a dendritic 
pattern (Fig. 2). 
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The posterior edge of the pessulus is anchored to the anterior 
edge of the intercrural divert iculum (Fig. 10 ) by a dense -to-loose 
mass of conn ective tissue (Figs. 10, 21). The density of this pedestal 
depends upon the level of the section, and, consequently, the cross-
sectional shape of the pessulus. At some le vels this pedestal includes 
ganglia (Figs. 14, 21). 
Pessular epithelium 
This epithelium must be des cribed in two parts because the pessulus 
lies in the sagittal plane, which divides the posterior respiratory 
tract into two lumina,each with lateral and medial epithe l ia (Figs. 
8-14). 
Epithelium of lateral pessular region. This epithelium is con-
tiguous with, and posterior to, that of the antepessular region. It is 
found a long the lateral wall of the tract, within both crura. The 
boundary with the antepessular ep ithelium is des cribed above. 
Posterior to this boundary the luminal ep ithelial cells stain 
rather light. However, the basal cells here stain dark. These two 
staining reactions produce an epithelium which includes dark (basal) 
and light (luminal) layers. 
For a short distance posterior to the pessular-antepessular 
boundary, the luminal epithelial cells a re nearly spheroidal, weakly 
stained, and unciliated. However, these cells are supe r seded by squamous 
eel ls that are dark ly stained and either stratified or pseudostratified. 
Further posteriad these cells resemble those found in epidermal stratum 
corneum except that many of them in the quail syrinx are nucleated. A 
definite desquamating layer is present (Fig. 22). The basal cells of 
this area are uniform in height. The staining reaction of the two 
11 types 11 of cells makes the stratification of them quite visible. 
The 11 cornified effect 11 of the luminal cells becomes less obvious 
posterior to the pessulus than at its immediate level. However, even 
in these posterior areas, the luminal cells are more squamous than 
cuboidal until the third syringeal region is reached. The extent of 
the squamous cells coincides closely with that of the lateral tympanic 
membrane, which lies in the lateral wall of each syringeal crus. 
Posterior to the level of the lateral tympanic membrane the epi-
thelium thickens and resembles that found in the antepessular region 
including the large, spheroidal, lighter-staining surface cells. The 
apparent thickness of this epithelium depends upon the cut through the 
folds and the presence or absence of a lateral syringeal valve. 
Epithelium of medial pessular region. On the anter ior aspect of 
the pessular complex, the epithelium of the medial region resembles 
the lateral epithelium at this level. Those cells facing the lumen 
stain weakly with H&E and trichrome and are oblately spheroidal and 
stratified. The basal cells are smallest and stain quite intensely. 
The combination of the basal and the more superficial cells creates a 
light or dark effect with any stain. 
Medial tympanic membrane 
Posterior to the level of the caudal aspect of the pessulus, the 
lamina propria closely resembles that found in the lateral walls just 
across each crus. An examination of cross and frontal sections shows 
the presence of tympanoid layers composed of connective tissue fibers 
radiating 360 degrees but all lying in an approximate parasagittal plane. 
This layer is contiguous with an areolar layer that separates it from the 
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crural epithelium. Each tympanoid layer is separated from the inter -
crural space or the intercru ral divert iculum by an ep i thelium composed 
of squamous eel ls. This structure stretches between the so- cal led 
11 pedestal 11 and a heavy network of connective tissue and smooth 
musc le fibers that is situated at about the level of the posterior 
edge of the lateral tympanic membrane. 
In some sections the boundary between the medial tympanic membrane 
and the posterior ly located, medial, syringeal valve is indistinct. 
In other sections, however, th is boundary is quite obvious. Further-
more, the tympanic membrane and the syringeal valve vary in thickness 
depending upon the vertica l level of the section. 
Lateral tympanic membrane 
This membrane is obvious grossly (F ig. 2). It stretches between 
the posterior edge of the cartilaginous ring, which is located slightly 
forward of the anterior end of the pessulus, and the anterior edge of 
the next posterior cartilag inou s ring . Its histology is shown in 
Figure 22. The tympanoid layer of the lateral tympanic membrane is 
situated abluminally and is composed of connective-tissue fibers 
radiating in all directions within the same parasagittal plane. These 
layers are sim ilar to those found in the medial tympanic membrane 
(Fig. 8). 
Medial syringea l valve 
This structure, more obvious than the lateral syringeal valve, is 
situated in the medial crural wal 1 contiguous with the media l tympanic 
membrane and the posteriorly located medial syringeal wall . The boun-
daries between this valve and the structures on either side of it are 
not marked. 
The histology of this valve is shown in various fig ures (Figs. 
8-14). The lamina propria is quite thick but the epithelial covering 
is thin and insignificant. Furthermore, this structure may have 
11 processes 11 extending anteriad and posteriad within the syringeal lumen. 
Some smooth muscle was noted with trichrome stains in this structure. 
Part of this valve bordering on the intercrural divertic ulum includes 
a network of connective-tissue fibers which are contiguous with the 
muscle fibers located within the media l syringeal walls. This net-
work is connected with a tympanoid layer in the medial tympanic mem-
brane. 
Cartilagi nous rings 
Cartilaginous rings do not occur in this region of the syrinx . 
Outer layer 
This layer is simple squamous. It is contiguous with the layer 
anterior and that posterior to it. 
Postpessular Region 
Lateral luminal epithelium 
Hi stologically, the boundary between this region and the one 
anterior to it is marked by an increase in the height of the luminal 
cells of the epithelium. Moreover, patches of these cells become 
ciliated unti l further posteriorly this epithelium is very similar 
to that of the antepessular region, except that the patches are fewer 
in the antepessular region. These luminal cells, as do those in the 
next anter io r region, stain weakly. They are underlain by cells that 
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stain mo re darkly; this underlying layer becomes somewhat thicker in 
the postpessular region. 
Posterior to the lat era l tympanic membranes the lateral epithelium 
becomes thicker, the lining eel ls are ciliated, and the layer of light-
ly stained eel ls characteristic of other regions is absent. Whether 
the layering of the cells is pseudostratified or stratif ied is diffi -
cult to determine with slides cut as thick as 7 microns. The post-
pessular lateral eipthel ium resembles that of the antepes sular region, 
except that the former has circumferential folds. The primary folds 
coincide with the intercarti laginous spaces, and in many cases include 
seconda ry folds as well. 
A basement membrane is thin but obvious when stained with tri-
ch rome dyes. 
Med i al l um in al ep i the l i um 
Here the thin, insignificant epitheli um becomes ciliated, thicker, 
and darker staining. These changes occur just posterior to the syr-
ingeal val ve . The histological boundary between the pessular and the 
postpessular medial epithelium does not coincide with the boundary de-
fined above. 
The epithelium lining the medial side of a syringea l crus is 
similar to that across the lumen and posterior to a lateral tympanic 
membrane. Differences, however, include (l) presence of some non-
ci l iated med ial, epithelial cells; (2) medial epithelium thicker than 
lateral epithelium; and (3) medial walls that ma y not include carti-
laginous rings, depending upon the vertical level. 
Lateral lamina propria 
Distinguishing between the basement membrane and the perichondrium 
of the adjacent cartilaginous rings is diffi cult because the lamina 
propria may be so thin. It is almost nonexistent interannularly under 
light microscopy . 
Lateral syringeal valve 
This structure projects from the lateral wall into the lumen of 
the syrinx. In some sections, depending upon their vertical levels, the 
valve is quite prom inent; in others, it is insignificant or absent. 
This valve is closely associated with the second, third, and fourth 
syringeal rings posterior to the lateral tympanic membrane s (Figs. 12, 
13). Its epithelium is similar to that of the medial syri ngeal valve, 
although less extensive because the lateral valve has less area exposed 
within the lumen. 
Medial lamina propria 
This tissue layer is the same on both medial walls of the syringeal 
crura. It includes a minimum of connective tissue but is characterized 
by the inclusion of smooth muscle fibers. These course longitudinally 
in the parasagittal plane. 
This layer is covered by the luminal epithelium and the "outer 
layer" of tissue, which 1 ines the intercrural space or intercrural 
diverticulum. 
Posterolateral to the pessu lu s and within the pessular complex the 
epithelium resembles that across the lumina. The two layers of dark and 
light cells are still noticeable, with the light cells being in the ad-
luminal layer. These latter cells appear to be desquamating surface 
cells. Mitotic figures are included in the basal layers of this epi -
thelium, which covers the anterior portion of the medial tympanic mem-
branes and closely resembles the epithelium on the lateral wall of 
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each crus. 
Further posteriad this epithelium becomes insignificant. The 
layering effect of the more anterior epithelium is nonexistent, and 
the epithelial cells are small a"d stain slightly more than the cells 
of the areolar tissue with which they are juxtaposed. This da rker stain 
effect seems to be caused by t he presence of more nuclei in this layer 
than in the areolar tissue. This condition exists but a short distance 
posteriorly within the walls of the medial tympanic memb ranes, and ex-
tends to about the level of the second and third demi-ring posterior to 
the lateral tympanic membranes . This area of each crus ma r ks the pos-
terior portion of the medial tympanic membrane. The epithelium be-
comes part of the postpessular region (to be described later) when the 
former becomes thicker and includes patches of ciliated surface cells. 
Lateral lamina propria of pessular region 
That portion of this layer, juxtaposed to the cartilaginous ring 
supporting the anterior edge of a lateral tympanic membrane, is iden-
tical with but thicker than the same layer in the immediate ly anterior 
antepessular region. Posterior to this ring, however, this tissue is 
separated from t he luminal epithelium by a distinct basement membrane 
(Fig. 22). The lamina propria is composed of areolar tissue; its 
nuclei s tain weakly with Mallory's trichrome. Its relative thickness 
varies with the vertical level of the sections, but in this region it 
extends lengthwise to about the level of the third or fourth carti-
laginous ring posterior to the lateral tympanic membranes. 
Within the lateral tympanic membrane this tissue layer is bounded 
abluminally by collagenous fibers that radiate in 360 degrees and lie 
in the approximate parasagittal plane. This arrangement of fibers 
forms a thin, tympanoid structure (Figs. 8, 22) isolated from the epi-
thelium by areolar tis sue. Along the peripheral aspects of this tympa-
noid layer its edges meld with the perichondrium of the cartilaginous 
rings. 
Lamina propria of pessular complex 
Beneath the epithelium of the anterior face and the two sides of 
the pessulus lies areolar tissue (Figs. 8-14, 21). This tissue layer, 
thicker lateral to the pessulus, does not cover the posterior portion 
of the bony bar. That part of the tissue contiguous with the pos-
terior aspect of the pessulus forms a 11 pedestal 11 (Figs. 8, 10 ) , has a 
different composition from the lateral lamina propria, and is highly 
innervated and vascularized. This pedestal is characterized (in 
coronal sections) by connective-tissue fibers that intermingle with the 
periosteum on each si de of the pessulus (Figs. 8, 21). These fibers 
course posteriad from the sides of the pessulus and meld with those in 
the medial tympanic membranes. 
Cartilaginous rings 
The shape of these rings in cross section is generally ovoid. 
Neighboring rings are connected by loose connective tissue, and they 
do not overlap. None of these rings, except the one supporting the 
posterior border of the lateral tympanic membrane, forms a complete 
circle, being incomplete on its medial aspects. 
lntercrural diverticulum 
This structure courses dorsad from the larger intercrural space 
that lies between the two syringeal crura posterior to the pessular com-
plex . Its extent is shown histologically and grossly in Figs. 10-14, 
19, 21. Lateral minor diverticula extend dorsad from each syringeal 
14 ELLIS 
crus (F i g . 14). 
The exte nt of the epithelium of this diverticulum was not deter-
mined in this study. It lines the lumen of the intercrural diverticu-
lum and consists of a s imple layer of squamous cells. However, as this 
epi~helium courses posteriad, the cells become more cuboidal in coronal 
sect ion s of the syri nx. 
Outer crural laye r contiguous with lateral tympanic membranes 
This layer is simple. Notable a r e the isolated patches of ciliated 
cells it includes (Figs. 14, 16). Except for them, this layer is in-
distinguishable from the perichondrium and the covering, simple, squa -
mous layer. In interannular cartilaginous spaces this layer is fre-
quently diverted adluminally. 
Bronchidesmus 
This structure (Figs. 13, 23) lies parallel to the coronal plane 
of the syrinx (Fig. 19), and courses between the dorsomedial aspects 
of the syringeal crura and the level of the bl ind end of the inter-
crural diverticulum. It is on the dorsal aspect of the syringeal com-
plex in both sexes. It is quite transparent, and could be overlooked 
in a cursory examination of this region . In males two intrinsic 
syringeal muscles, one on either side, insert on this tissue and origi-
nate in the antepessular region. In females these muscl es, if present, 
are insignificant. 
The bronchidesmus is composed of densely packed collagenous fibers 
(Fig. 13), and is approximately 200 microns thic k . Some of the eel ls 
are ciliated on its posterior aspect (Fig. 11). 
Blood vessels 
The blood vessels in this region and lateral to the basement 
membrane are quite obvious. 
DISCUSSION 
In studying the syrinx of any bird an investigator must define the 
structure. The usual references to it indicate that the syrinx is found 
at the bifurcation of the trachea. However, if this demarcation were 
possible, definitions of the three so-called types of syringes wo u ld 
fail as they are hardly 11 at the bifurcation"; at least two types i n-
clude this bifurcation. However, the need to define more than one type 
of syrinx is doubtful. Any syrinx can be generally defined as that 
organ, usually bifid, of the avian respiratory tract that lies between 
the trachea and the lungs and that is responsible for producing the 
note or song. No reference to tracheal or bronchial involvement is 
nece ssary; indeed, bronchi may not exist in the avian respiratory system. 
Any investigator who does not re ject the classical definition is 
thrown into a morass of confusion in trying to determine relationships 
of the numerous membranes, and what compl ete and halfrings, if any, 
support these membranes. Providing this definitive information for 
birds in general is impossible. However, such provision is unnecessary 
if the definition offered here is accepted, but is necessary to a 
definition of the syrinx of any one species. Ames (1971) is correct 
in stating that the adjectives "bronchial'' and "tracheal" are meaning -
less in reference to the syrinx. 
Determination of the limits of the syrinx is complicated by dia -
grams such as the one presented byGreenewalt (1969). He captioned one 
figure "anatomy of the syrinx ... 11 yet labelled one-half of it "tracheal 
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rings" and the other half 11 bronchial rings,'' thus leaving no space for 
the syr in x itself except the lumina. He may have intended to show 
that the syrinx is composed of tracheal and bronchial rings. In 
another figure, however, he labelled a part of the respiratory system 
11 syrinx11 and another part 11 tra chea11 , indicating that each is a sepa-
rate area of this system. 
Greenewalt's concept, although built upon precedent, is confusing 
because one of his figures indicated that parts of one structure 
(tracheal rings) and parts of another structure (bronchial rings) form 
a third structure (syrinx). A separate figure showed that the trachea 
and syrinx are sepa rate organs. Stein (1968) d i d similarly. 
Greenewalt (1969) stated that the syrinx is located 11 at the point 
where the two bronchi join to form the trachea11 (page 127) ~ Visualizing 
such a 11 point 11 is difficult. However, no diff iculty ar i ses if one says 
that the syrinx is the structure wh ich lies between the trachea and the 
pulmonosyringea l junction. Such defi niti on avo ids the complex issue of 
which membranes and which rings belong to the trachea, sy rinx, and 
bronchi (syringeal crura). 
While Greenewalt's explanation (1969) of avian sound production 
seems plausible and his analysis (1968) of it is excellent, his termin-
ology for some structures is questionable. He label led as "external 
labium" a pad of tissue projecting into the 11 bronchus, 11 which is in-
appropriate because the labium is inside, not outside (external to), 
the lumen. Perhaps 11 lateral labium11 wouldbe preferable; herein it is 
referred to as the "lateral syringeal valve. 11 The same logic suppo rts 
the use of "medial syringeal valve. 11 Furthermore, us e of the word 
11 bronchus 11 is questionable. 
Although 11 bronchus11 denotes the zone of the respiratory tract 
situated between the lungs and the trachea in mammals, similarly loca-
ted structures in birds may not be comparable. Because of this possi-
bility, this term may be inappropriate in avian anatomy despite Greene-
walt and others. It seems likely that their walls play a role in sound 
production by providing tension on the tympanic membranes . Therefore, 
a more specific term for these structures would be that used here, 
namely, syringeal crura. 
Greenewalt diagrammed the area between syringeal rings 2 and 3 
and designated it 11 external tympaniform membrane. 11 Because this tissue 
in similar areas of other birds is very thick and its vibratory quali-
ties are doubt f ul, describing this area as tympani form seems inaccu-
rate. The terms 11 internal tympani fo rm11 and "external tympani form" 
membranes may have resulted from a translation of the original descrip -
tions. Nonetheless, they are inappropriate. Neither is intern al, nor 
is external in reference to either the avian respir atory system or the 
syrinx. However, they are locat ed medially and laterally, respective-
ly. In some specimens e ither or both these membranes are tympaniform, 
but this term seems cumbersome when 11 tympanic11 is ava ilabl e. For these 
reasons 11medial tympanic memb rane" and "lateral tympanic membrane" are 
used here. 
Greenewalt imp lied ( 1968, 1969) that the sy rin x is important 
physiologically, anatomically, and behaviorally. However, he (and 
others before him) were imprecise by not giving it a sepa rat e status 
without reference to trachea or bronchi (crura). The syr inx is mo re 
than an inside, nebulous portion of a minute part of the avian respira-
tory system where the bronchi (crura ) meet the trachea. Ind eed, the 
syrinx is a distinct organ. It is so d istinct, in fact, that classifi-
cation of birds at one time was based partly on its gross anatomy 
(Ames, 1971). Because of this importance and its anatom ical complexity, 
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the syrinx should be defined intrinsically and accorded a separate 
morphological area. Unfortunately, few workers, if any, to date have 
done this expressly. 
In order to preserve and remove the syrinx, numerous transparent 
membranes must be ruptured. Undoubtedly many of them are portions of 
air sac diverticula (Bradley and Grahame, 1960). The extent of these 
membranes was not investigated in this study. Determining their rami-
fications would aid in explaining their presence as well as the 11 outer11 
ciliated cells reported here. However, cil iation of air sac walls has 
been mentioned (Salt and Zeuthen, 1960). 
This investigation does not confirm the histology of the Japanese 
quail syrinx as described by Fitzgerald (1969) because ( 1) he showed no 
bony pessulus in frontal section despite the dorsoventral alignment 
of the pessulus; (2) he indicated no tympanic membranes; instead, over-
lapping cartilages were shown; (3) he omitted the intercrural diverticu-
lum, or intercrural space, so obvious in all frontal sections (Figs. 
4-14) studied in speci mens used in this laboratory. He showed instead 
the medial walls of the syringeal crura composed of cartilage and cours-
ing in an oblique line. Efforts to reconcile these differences between 
the two sets of figures failed. 
The sounds made by male and female Japanese quail are unlike, and 
the differences may be traceable to morphological dissimilarity . Such 
a possibility could not be investigated properly in this study. A 
cursory check did not establish any sexual dimorphism except as noted 
above. Despite this lack of difference in microanatomy, the syringeal 
muscles of the male seem more developed than those of the female. 
In some reports (Miskimen, 1951; Myers, 1917) providing theories 
of avian sound production and the role of vibrating membranes, a semi-
lunar membrane is described. It is said to be vibratory (cf. Setter-
wald, 1901 in Greenewalt, 1968). Such a structure does not seem to 
exist in Japanese quail. However, some tissue is present on the 
anterior face of the pessu l ar comp 1 ex (Fi gs. 8, 1 4, 19 , 25). Because 
of its thickness and attachment to the pessulus itself. its vibratory 
potential is doubted. For this reason this tissue is termed the epi-
pessular tunic, which describes its location but attributes to it no 
vibratory qualities. 
To substantiate the vibrational possibilities of either set of 
tympanic membranes, physiological studies similar to, but more refined 
than, t hose of Miskimen (1951) and Cherkas (unpublished data) and more 
conclusive than Miller (1934) and Ruppel! (1933) should be con ducted. 
However, Greenewalt (1968) expressed pessimism about the results of 
such studies. 
The epithelium of the intercrural diverticulum may be that of 
part of an air sac. The presence of such air sacs in this region 
confu ses delimitation of this epithelium . 
Within the luminal epithelium of the trachea are cells whose cyto-
plasm stains poorly and whose nuclei are spheroidal with obvious nucleo-
1 i present (Fig. 15). Each of these cells, absent in chicken and meadow-
lark (unpublished data) and temporarily termed 11 X11 cell here, seems to 
have a pore in its apical region similar to that found in a taste bud. 
This pore could allow a stimulus to penetrate the cel l. Furthermore, 
the large size of the cell may suggest a sensory function. In a few 
cells an indication of a penetration of the adjacent basement membrane 
was noted. If, in fact, this penetration exists, the sensory theory 
is strengthened . Further investigation of these cells is underway in 
this laboratory, including the effects of various means of ki 11 ing the 
birds and the fixatives used in preparing the tissue. Sections as 
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thin as 0.5 micron are being used. These eel ls are absent in quail 
killed with an overdose of Nembutal but are present in the birds 
killed by electrocution. 
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The positions of the med ial syringeal va l ve and tympan ic membranes 
in Coturnix and in Turdus sp. (thrush) seem to be reversed. In this 
study the valve is located posterior to the tympanic membrane. How-
ever, in studies by Stresemann (1927-1934 ) these tympan ic membranes 
in Turdus lie posterior to the syringeal valves . Perhaps th i s dif-
ference can be explained by the taxonomic positions of the two genera , 
one (Turdus ) being passerine and the other (Cotu rni x) being gall ina-
ceous~ther substantiation for this theory is the s imilarit y in 
position of these membranes in Sturnel la sp. (mead ow lark), another pass -
erine bird, and in Turdus . In both, the t ympanic memb ranes are post -
erior to the medial~geal valves. 
Whereas the mature pessulus i s l a rgel y bone in Japan ese quail and 
many other birds, this condition is not uni ve rsal. Pycra ft ( 1912 ) re-
ported this struc ture to be f ibrou s in the jac k sn ipe (Li mnoc rypt es 
qallinula). Furthermore, Miskimen (1 957 ) found no sy rin x in the 
turkey vu lture (Cathartes aura ), and no such s tru c ture exists in the 
lark family, Alaudidae (Am~l971 ) . 
In the present st udy find in g only one cartilaginous rin g of an adu lt 
bird displaying one ossification center on its ventral aspect just an -
terior to the pessulus might indicate that general ossification of 
these rings does not occur. On the contrary, thos e rings in the 
vicinity of the syrinx of Sturnel la all show some oss if ication (un-
published data) as do those in chicken (Gallus domesticus ) . Thes e dif -
ferences may be a species characteristic, but the degree of oss i f ic ation 
in Coturnix ~· japonica may be correlated with the age of the donor . 
Because the process of ossification may be a function of age and 
not of spec iation, it may be of no major taxonomic significance. Mi sk-
imen (1963) reported no syringeal ossification of the flycatchers s he 
studied. The ossification of the pessular basal plate in Japan ese 
quail, as reflected by the de ndritic pattern, resembles somewhat a 
similar pattern in Argus giganteus (Garrod, 1879 ) and Caccabis saxat ili s 
(Wunderlich, 1884). One diffe rence between these two species is the 
absence of an ossification center on the "back view" of~· giganteus, 
which center is present in quail. The dendritic pattern found on 
the vent ral aspects of the pessulus is created by the marrow of the 
bony portion of th is structure. 
The cartilaginous rings, especia lly in the tracheal portion of the 
respiratory tract, tend to be separated from the lamina propria . Be-
cause the latter layer is so thin, an artifact could be created eas ily 
by contraction of the tissue upon fixation. This space was seen in 
many sections , but because it was not omnipresent it may be unnatural. 
It was not seen in specimens from an imals k illed with an overdose of 
Nembutal and whose tissues were prepared fo r electron microscopy but 
examined with the light microscope. 
Within the foregoing, refer ence has been made to t he "outer layer 11 
of the respiratory tract in the syringeal region. The terms 11 serosa11 
and 11 adventitia11 have been avoided . It is not clear from this study 
whether or not the outer layer of tissue exam ined i s either serosa or 
adventitia. These outer layers probably are air sac walls as reported 
by Cover (1953). Such a hypothesis might be convenient in exp laining 
the presence of ciliated cells on the 11 outer aspects' 1 of this layer. 
To clarify this explanation a closer study of these memb ranes should 
be made. 
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Although the physiology of sound production is not a major con-
cern in this report, the medial tympanic membranes should be mentioned 
as possibly important in production of sound. The major portion of each 
membrane has an insignificant epithelium and the un derlying tissue is 
areolar (Fig. 6-11). The entire membrane is distensible. Hypothetical-
ly, each membrane is displaced into its adjoining syringeal crus by air 
pressure from within the intercrural diverticulum (see Greenewalt, 
1969). During such displacement this membrane is stretched, becomes 
thinner, and, too, may be capable of occluding completely the crus. 
Should such an occlusion occur, part of the membrane would touch the 
opposite or lateral wall of the crus, which forms part of the lateral 
tympanic membrane. This touching during vibration could explain the 
presence of the desquamating epithelial cells of all tympanic membranes. 
These cells may be formed as an adaptation to the stress of vibration 
and friction. This area in newly hatched birds should be studied 
further. 
The presence of smooth muscle posterior to the medial tympanic mem-
branes suggests that this slow-acting muscle would maintain an overall 
tension on the membranes. This tension would increase with air pres-
sure developed within the intercrural diverticulum, which, in turn, would 
come from the pressure generated within the air sac system. The 
elastic fibers within these membranes and associated walls would aid 
in forcing the membranes to return to their nondistended configuration 
upon lowering of the air pressure. However, this tension is not con -
fined to this small area of the syrinx. Obviously, the bronchidesmus, 
the intrinsic syringeal muscles, and the sternotracheal is muscles are 
important tensor structures, especially of the entire syrinx and not 
in just one small part . 
. That portion of the respiratory tract posterior to and contiguous 
with the lateral tympanic membranes may be responsible for large ad-
justments of sound pitch. Those outer portions of the crural walls 
can extend because the connective tissue joining ad j acent cartilaginous 
demi-rings is loose. These rings are connected so loosely that they 
could be moved apart as the walls are lengthened. As the sternotrachea-
lis muscles relax and contract, the length of the trachea will vary 
as this wall length varies, resulting in possible modulation of 
frequency caused by changes in the trachea's resonant length (cf. 
Greenewalt). 
Cover's (1953) "V-shaped mass of connective tissue," undoubtedly, 
is the bronchidesmus (Garrod, 1879), although he does not use this 
term. Its location is similar to that reported for chicken (Myers, 
1917) and herein for Coturnix. However, the latter, unlike the 
specimen reported by Cover (1953), does not include any smooth muscle. 
Such muscle, however, is found in the syringeal walls of Coturnix 
and contiguous with the medial tympanic membranes. The presence of 
smooth muscle in a bronchidesmus or in syringeal walls raises questions 
about its function. As suggested by Cover and in this study, smooth 
muscle undoubtedly affects the bore of each crus. 
Partmann (1950) (Fig. 27c) shows a structure that is remarkably 
1 ike the cross-sectional view of the intercrural diverticulum des -
cribed above. However, he labelled the walls of this structure the 
"internal tympaniform membrane" and did not label the medial membrane 
posterior to it. Portmann's figure shows but does not label what might 
be comparable to the syringeal valves mentioned here. The caption of 
the figures is "vocal apparatus of a passerine bird from the oscine 
group." His gross and sectional figures of this structure are diffi-
cult to reconcile. The frontal ~ection may show an intercrural 
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diverticulum, but it can not be seen in his gross views except pos-
sibly his 11 trou inte rbronchique11 of Podiceps qriseiqena. 
Although Garrod (1879 ) figured the syrinx of Coturnix communis, 
he commented slightly upon its histology. 
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Comparing the syringes of chicken (Gallus domesticus) and Japanese 
quail discloses several differences. The medial syringeal valve so 
prominent in coturnix quail is absent in chicken. Smooth muscle is 
absent in this general area in chicken while it is present in quail. 
The tympanic membranes of both birds are not only similar but they re-
semble the human tympanum (Fig. 26 ) . Chicken's respiratory tract in-
cludes a laterally compressed portion (area compressa, Ellis, unpub-
lished) not seen in that of Japanese quail. Whether or not this area 
is included within the chicken's syrinx is not settled, a fact which 
causes further confusion in defining the syrinx of Gallus domesticus. 
The relative size and type of terminations of the pessulus in 
Coturnix ~· japonica are similar to those reported for the common fowl 
(Tymms, 1913). An apparent ventral pessular termination was figured by 
Wunderlich (1884) in Caccabis saxatilis and in Caccabis chukar by 
Garrod (1879). However, this possible termination in these birds is 
shown only by what appears to be a dendritic pattern similar to that 
found in the Japanese quail. In Gallus domesticus the ventral termina-
tion of the pessulus is not given~cific name (Myers, 1917). 
The bronchidesmus may be an important structure in determining the 
taxonomy of birds. It varies in extent with species (Beddard, 1903) 
and may be present always in birds (Garrod, 1879). However, its associa-
tion with sound production is not clear, especially if smooth muscle 
is present within it. 
The lack of sexual dimorphi sm in this study, while not positively 
established, may not be unusual. Such differences may be found only in 
the innervation as suggested by Partmann (1950). 
Perpetuation of errors within the literature happens (Figs. 27a-
27d). Welty (1 963) in his Figure 7.4 (redrawn from Stresemann , 1927-
1934, and Hacker, 1900) labelled a structure 11 tympanic membrane11 ; 
but Stresemann label led it 11 aubere Stimml ippe. 11 Partmann (1950) in an 
identical figure also taken from Hacker (1900) showed but did not label 
this structure. However, he labelled as 11 membrane tympaniforme interne11 
what Stresemann labelled 11 innere Paukenhaut (tympanic membrane) 11 and 
which Welty ignored! What Welty labelled 11 tympanic membrane, 11 there-
fore, is actually the lateral syringeal valve of the present report, 
the external labium of Greenewalt (1969) and Hacker (1900), and the 
11 aubere Stimmlippe (sound labium) of Stresemann . 
Because the location and extent of the structure referred to by 
some authors as drum, tympanum or tambour are not clear, it is not 
described here. 
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ABSTRACT. A synopsis of pertinent 1 iterature on the anatomy and fine 
structure of grass caryopses is presented, dealing with the period 
from the late 1800's to the present. Certain aspects of germination 
anatomy are also d iscussed. A table listing references according to 
taxa with a cross -index to subject is included. A few figures have 
been inserted to illustrate basic caryopsis and embryo types. The 
extensive bibliography is concentrated on references concerning matu re 
caryopsis anatomy and fine structure. Some references dealing with 
aspects of germination, development, and other topics are also in-
cluded. 
INTRODUCTION 
Most of the world 1 s population exists mainly on food stored in the 
caryopses of just a few genera of grasses. Hundreds of publications 
have dealt with the development, mature anatomy, germination, and, re-
cently, the ultrastructure of caryopses. Most of these publications 
have concerned economically important species such as corn, barley, 
rice,rye, oats, and wheat. Other species of grasses have been investi-
gated, but thorough anatomical investigations of caryopses of an ade-
quate sample of the family are lacking. A recent book on grasses 
indicates a woeful lack of knowledge of alt aspects of this most im-
portant family of monocots (Youngner and McKel l, 1972). 
This paper presents a synopsis of the literature dealing with 
anatomy, fine structure, and certain aspects of germination of 
caryopses. Previous reviews (Table 1, under 11 GeneraJI') are frag-
mentary or treat only more specialized aspects; most are well out of 
date. No review exists on the ultrastructure of caryopses. A compre-
hensive full review of all anatomical aspects is too formidable for us 
at this time; we present instead a synopsis of the more important or 
recent works and attempt a synthesis or opinion for only certain topics. 
Table 1 contains references 1 isted by genera cross-indexed to specific 
subjects. Finally, a selected bibliography, extensive but certainly not 
complete, is included. 
1Journal Paper No. J-7609 of the Iowa Agriculture and Home Economics 
Experiment Stat ion, Iowa State University, Ames, Iowa 50010. Project 
No. 1833. 
2Assistant Professor, Department of Botany, University of California, 
Davis, California 95616. 
3Professor, Department of Botany and Plant Pathology, Iowa State Uni-
versity, Ames, Iowa 50010. 
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The following sections take up, in order, the significance of 
caryopsis anatomy in taxonomy, as well as the matu re anatomy of various 
organs of the embryo, endosperm, and caryopsis coat. Caryopsis devel-
opment and structural changes during germination are me ntioned only 
briefly, but a sect ion on protein body changes during germination is 
included. For each section is given a general account as distilled 
from the literature; additional statements are documented . 
CARYOPSIS ANATOMY AND FINE STRUCTURE 
Caryopses and Grass Systematics 
Martin (1946) conducted an extensive study of the internal morph-
ology of seeds. Working from the Fish and Wildlife Service seed col-
lection, he diagrammed embryo and endosperm forms from median longi-
tudinal sections. He classified seed types into three majo r groups 
(basal, peripheral, and axile), depending on the position and morph-
ology of the embryo relative to the endosperm. Each major group was 
then subdivided according to specific embryo shape and position. Martin 
also discussed phylogenetic aspects of seed developmen t, and included 
a phylogenetic tree of plant families based on seed type. From an exam-
ination of 93 species, with all subfamilies represented, the Gramineae 
were reported to have basal embryos; their specific seed type was 
designated as lateral. 
Reeder (1957, 1962) made an extensive survey of grass embryo 
morphology from a taxonomic view. He examined embryos of over 300 
species of grasses from about 150 genera. From transverse paraffin 
sections he concluded that four characters had taxo nomic significance : 
(l) the vascular system (whether traces to the scutellum and embryonic 
leaves diverged from a common point, or were separated by an elongated 
i nternode); (2) presence or absence of an ep i blast; (3) whether the 
lower part of the scutellum was fused or free from the coleorhiza; and 
(4) whether in transverse section the embryoni c leaves had many vascu-
lar bundles and overlapping margins, or few bundles and margins that 
did not overlap. 
Reeder used these characte~s to expand Van Tieghem 1 s (1897) classi-
fication, which separated all grass embryos into two basic types, pani-
coid and festucoid. Van Tieghem based his classification primarily 
upon the relative positions of coleoptile, coleorhiza, and scutellum. 
Reeder (1957, 1962) recognized six basic embryo types, each with a dif-
ferent combination of the four characters listed. Examples of each type 
are shown in Figures l to 6. 
Embryo Axis 
Col eopt i le 
The coleoptile is a leaflike flattened cone surrounding the em -
bryonic leaves and shoot tip. Guignard and Mestre (1970) considered 
the coleoptile to be the first leaf produced by the shoot apex and not 
a specialized homolog of a cotyledon. A vascular supply consisting 
of two to five bundles extends to its tip (Reeder, 1953). The bundle 
ends intermesh with elongate cells at the tip for rapid water exchange 
and guttation after germination (O'Brien & Thimann, 1965). In some 
species the coleoptile has a short slit extending downward from its tip, 
permitting easier emergence of the first leaf during germination. 0°pik 
(1972) examined the fine structure of the cells of the coleoptile in 
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2 3 
4 5 6 
Figs 1-6 . Six basic grass embryo types. Fig. 1. Arundinoid-danthon-
ioid type, Sieglingia decumbens. Fig . 2 . Panicoid type, Panicum 
clandestinum. Fig. 3. Bambusoid, Dendrocalamus strictus. Fig. 
4. Chloridoid-eragrostoid , Eragro st is pectinacea . Fig. 5 . 
Cento t hecoid, Bromuniola gossweileri . Fig. 6 . Festucoid, 
Cynosurus echinatus. (Figs. 1-4& 6 adapted from Reeder, 1957; 
Fig. 5 adapted from Reeder, 1962. ) 
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ungerminated rice caryopses. She described the cell types and their 
cytopla sm in which occur storage organelles, protein bodies, and 1 ipids; 
but mitochondria and plastids are also apparent even in dry caryopses . 
Ueda and Tsu j i (1971) and Hinchman (1 972 ) described the fine-structural 
changes in coleoptile cells during germination. Their studies emphasize 
the modification of mitochondria and plastids. O'Brien (1967) and 
O'Brien and Thimann (1965, 1967) described in detail the histology of 
coleoptile tissue in oats and wheat . 
Shoot tip 
Interior to the coleoptile are three to five conically arranged 
embryonic leaves that form a protective moist chamber over the shoot 
apex. In Setaria Jutescens, the embryonic leaves overlap and extend 
up into the space formed by the coleoptile. The shoot apex is a short , 
blunt cone (Rost, 1970). 
Mesocotyl 
Subtending the shoot tip is an immature zone (mesocotyl ) of com-
pacted internodes and meristematic initials. The mesocotyl region ex-
tends to the radicle. Vascular traces to the embryonic leaves, coleop-
ti le, and scutellum bifurcate from this region . The comparative length 
of the mesocotyl and the position of the diverging vascular traces to 
the scutellum and embryonic leaves occur in two basic patterns (Reeder, 
1957). The panicoid type has an elongated internode between the 
scutellar trace and the traces of the embryonic leaves; the festucoid 
type lacks an internode, or has only a short one. 
Radicle 
The radicle has a thick birefringent wall on its lateral surface. 
Hayward (1938 ) described this in wheat as a mucilaginous cell wall. 
Rost (1970) demonstrated its positive reaction to periodi c acid-
Schiff (PAS). This mu cilage may act to lubricate the passage of the 
primary root through the soil. In dry caryopses, the cells of the 
radicle usually are packed with lipid and protein storage bodies 
(Rost, 1970) . Large interphase nuclei are observed, but organelles not 
involved in storage (mitochondria, plasti ds, glyoxysomes) seemingly are 
not present. Endoplasmic reticulum and ribosomes, indicators of high 
synthetic activity, also are Jacking. The epidermal cells of the 
radicle are of two types, long cells and short cells (Avers and Grimm, 
1959; Avers, 1958). Short cells are trichoblasts, which will develop 
into root hairs; in festucoid grasses these cells exhibit more enzymatic 
activity than do long epidermal cells. Radicle epidermal cells in 
Setaria stain more intensely with protein specific stains , also indi-
cating a reaction in the trichoblast cells. 
The subapical initials of the radicle also form the root cap, 
which is a very flattened cone, thicker in the cente~ and formed of 
more-or-less regular columns of cells. The root cap is not separated 
from the coleorhiza in the embryo, but after emergence forms a "pro-
tective sheath" surrounding the root tip. 
Coleorhiza 
The coleorhiza, also a flattened, hollow cone that envelopes the 
radicle, is unique to the grass embryo and has no homolog to which it 
can be compared developmentally (Brown, 1965). On the side nearest the 
scutellum it extends to the level of the subapical meristem of the 
radicle. On the opposite side it extends as a thin tissue 4 to 5 cells 
thick to the top of the radicle. The epidermal cells of the lower 
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portion of the coleorhiza are short, irregularly columnar, and stain 
darker than those of the remaining cells. These trichoblast cells 
develop into what appear to be root hairs soon after coleorhiza emerg-
ence during germination. Coleorhiza epidermal trichoblasts have been 
identifi ed only in panicoid grasses (Rost, 1971a; Unpublished) . A 
cementing substance causes the outer epidermis of the coleorhiza and 
the other embryo parts to adhere to the aleurone layer (Rost, 1970). 
The coleorhiza is the first embryo organ to imbibe water and be-
come metabolically active during early germinati on; it can grow ex-
tensively without cell division (Haber and Foard, 1964). 
Epiblast 
The epiblast is considered to be a lateral extension of the col eo-
rhiza (Guignard and Mestre, 1970). Both organs are similar anatomically 
and are able to extend during early germination without cell di vision 
(Pashikov, 1951). Epiblast epidermal cells also contain an abundance 
of trichoblasts (Foard and Haber, 1962). Reeder ( 1957, 1962) demon-
strated that not all species of Gramineae contain epiblasts (Figs . 
l to 6). He organized the grasses according to embryo types based on 
certain characters alread y discussed. The types with epiblasts are the 
Festucoid, Chloridoid-Eragrostoid, Centothecoid, and Bambusoid grasses; 
those without are the Panicoid and Arundinoid-Danthonioid. The function 
of the epiblast is unknown. 
Scutellum 
This structure surrounds the embryo axis almost completely and 
abuts on the endosperm. The outer layer of the scutellum consists of 
short, uniformly columnar cells known as scutellar epithelium (Mann 
and Harlan, 1915; Berlyn, 1972). Neiuwdorp (1963) and Nieuwdorp and 
Buys (1964) have examined the ultrastructure of these cells in dry and 
germinating barley grains. The scutellum stores food reserves and acts 
as a secreting and absorbing organ; it secretes many enzymes and hor-
mones, and also absorbs many soluble endosperm metabolic products 
(Danj-0 and lnosaka, 1960; Macleod and Palmer, 1966) . 
The scutellar vascular supply branches upward from the mesocotyl, 
sometimes with many lateral branches (Avery, 1930). In wheat scutellum 
the central bundle and distal part of some of the lateral branches con-
tain both xylem and phloem. About half of the smaller bundles contain 
only phloem, consisting of one or two sieve tubes surrounded by a sheath 
of specialized parenchyma cells. In Setaria, sieve elements are appa-
rent at the light and EM levels (Rost, l97la). These cells have an 
elongated nucleus and an organelle complement (polyribosomes, rough 
endoplasmic reticulum ~ ER ), and mit ochondria) quite different from the 
scutellar storage cells that surround them. Their end walls contain 
structures similar to cal lose deposits on sieve plates. The epidermal 
cells of the scutellum are slightly elongated and flattened, quite 
uni ike the epithelial cells next to the endosperm. 
Lipid reserves are most densely concentrated in the scutellum, but 
also are found in all other cells of the embryo (Nieuwdorp, 1963; Rost, 
197la). Protein bodies also occur throughout the embryo (Toole, 1924; 
Shetlar, 1948), as does starch. 
Endosperm 
This has most of the edible portion of the caryopsis; therefore, it 
has received much attention. The endosperm is composed of elonqate 
and isodiametric storage cells lacking evident inter cellular spaces. 
In wheat these cells are arranged ra dially from the center (Bessey, 
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1894). Their walls are reported to lack pectin and to be held together 
instead by proteinaceous material (Macleod and McCorquodale, 1958). 
The caryopses of certain taxa have a soft or 1 iquid endosperm, 
which can remain so even in herbarium specimens over 50 years old. 
Terrel 1 (1971) reviewed the 1 iterature and surveyed 169 genera belonging 
to 30 tribes . He found that 30 genera of the subfamily Festucoideae 
had at least one species with 1 iquid or soft endosperm. Terre l l re -
assigned certain genera, based on their endosperm characteristics, and 
grouped all grasses with soft or liquid endosperm into three tribes: 
Aveneae, Festuceae, and Monermeae. There has been no attempt to in -
vestigate the anatomy or fine structure of this peculiar type of endo-
sperm. 
Endosperm cells are so gorged with food reserves that the nuc l eus 
is frequently quite distorted. Cells in the central region of the 
endosperm primarily contain starch, whereas cells toward the periphery 
contain mostly protein. Several studies have recently been published 
concerning the structural characteristics of the endosperm as viewed 
with the scanning electron microscope (SEM) (Aranyi and Hawrylewicz, 
1969; Pomeranz, 1972; Pomeranz and Sachs, 1972). These studies, how-
ever, have not as yet provided any new ideas or concepts for further 
understanding of endosperm structure. 
Simmonds (1972) examined the ultrastructure of wheat endosperm 
after milling. He reported numerous osmiophilic inclusions, wh i ch he 
interpreted as membrane 11 pieces 11 with attached ribosomes. Seckinger 
and Wolf (1970) 1 ikewise observed osmiophilic bodies, remnants of 
organelle membranes,and various other inclusions in wheat endosperm. 
Autenshl ycus and Fadeeva (1969) investigated wheat endosperm, using 
fluorescence microscopy. Their analysis revealed mitochondria in 
endosperm cells with DNA, which reportedly has different properties 
from DNA in aleurone cell mitochondria. 
Investigators frequently have had difficulty in sectioning mature 
endosperm tissue. This probably has caused misinterpretation and ce r -
tain artefacts to appear in some studies. Wolf and Khoo (1970) re -
ported an improved technique for sectioning mature grains with a glass 
knife. 
Czaja (1969) described 17 different types of starch grain in 
grass endosperm, based on their morphology, staining characteristics, 
and birefringent properties. Mature starch granules often have char-
acteristic internal fissures caused by granule swelling during formation 
(Badenhuizen, 1959). Evers (1971) recently has published an excel lent 
SEM study that traces the development of starch granules in whe a t endo-
sperm cells. Other studies, too numerous to single out, have reported 
on starch development and other properties (Table 1). 
The concentration of protein in endosperm as a whole is g reatest 
toward the periphery and decreases inwardly. Structurally un i que pro-
tein bodies have been reported in the endosperm of Oryza (Mits uda et a l . , 
1969), Zea (Khoo and Wolf, 1970), and Setaria (Rost, 1971a,b). A sub t l e 
internal structure consisting of alternating 1 ight and dark concentric 
layers was observed in these three grasses. In Setaria the endosperm 
protein bodies are roughly spherical and 1 to 2 µm in diameter. Rost 
(197la,b) treated endosperm sections for acid phosphatase , but did not 
find positive activity for this enzyme in endosperm protein bodies. 
The significance of the internal layering pattern is not known. 
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Aleurone layer 
This outermost layer of the endosperm is known to produce enzymes 
essential for the initiation of germination. It is usually uniseriate, 
but may be several layers thick. Each aleurone cell has a thick pri-
mary cell wall and an abundance of lipid and protein rese rves, but 
1 ittle starch. Jones (1969a,b,c), Jones and Price (1970) and Buttrose 
(1971) have investigated the fine structure of barley aleurone cells 
and their behavior during germination. 
In Setaria l utescens (Rost, 197la,b; Rost and Lersten, 1970) the 
aleurone layer is uniseriate and completely surrounds the endosperm and 
embryo. Each cell is flattened, somewhat rectangular in surface view, 
and varies from 25 to 50 µm in length. The interior of these aleurone 
cells is different from that of the remaining endosperm cells. Protein 
bodies of various types and 1 ipid bodies (oil droplets or spherosomes) 
are found universally, as well as plastids, mitochondria, and other 
membrane structures. 
Aleurone transfer cells 
Gunning and Pate (1969) established that parenchymatous cells with 
conspicuous wall ingrowths can occur in several places within plants. 
These so-called 11 transfer cells11 are considered to enhance short-distance 
transport, and always have extensive cel 1-wal l ingrowths accompanied 
by an increase in area of the internal membrane surface. It has become 
increasingly clear that similar cells occur near the base of the 
caryopsis, adjacent to the end of the coleorhiza where the grain was 
attached to the parent plant. Here, the endosperm (aleurone) cells are 
enlarged and somewhat elongate perpendicular to the fruit coat (Fig. 
7). These cells have been cal led 1 1basal endosperm11 in corn, and have 
been suggested to enhance nutrient transport during embryo and endo-
sperm development (Kiesselbach, 1949; Kiesselbach and Walker, 1952). 
Other investigators have described a similar region associated with the 
placenta of other grasses (Holcus (Sorghum) halepensis Harrington and 
Crocker, 1923; Saccharum, Artschwager, Brandes, and Starrett, 1929; 
Coix, Weatherwax, 1930 ; Eleusine, Narayanaswami, 1955c; Sorghum bicolor, 
Sanders, 1955). 
From Kiesselbach 1 s (1949) observation, Gunning and Pate (1969) 
speculated that the 11 food-conducting layer, 11 which occurs at the 
placenta of corn, may consist of transfer cells. Rost (197la), and Rost 
and Lersten (1970), morphologically identified aleurone cells at the 
base of the caryopsis of Setaria lutescens as transfer cells. These 
cells are adjacent to remnants of the placental vascular bundle (Fig. 
7). They have prominent cell-wall ingrowths on their outer tangential 
and outer radial walls. These cells may enhance nutrient transport 
during embryo development. Zee and 0 1 Brien (197la) also have observed 
11 aleurone transfer cells11 in Japanese millet (Echinochloa utilis). They 
also have identified transfer cells in the placental vascular bundle 
supplying the caryopsis during development (Zee and O'Brien, 197lb,c). 
These recent investigations have rekindled interest in this ana-
tomically distinct area. There is good reason to believe that the cell-
wall modifications are related to caryopsis development. Further study 
should explain in more detail just how they aid in conveying nutrients. 
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Caryopsis coat 
Several cell layers from the parent plant surround the developing 
embryo : ericarp, integuments, nucellus (Fig. 7) . The growth and 
maturation of the embryo and endosperm cause expansion, modification, 
and, in most species, crushing of these layers. The resulting complex 
caryopsis coat is of anatomical and physiological interest, especially 
since it may contribute to dormancy in several weed species (Thornton, 
l966a, l966b; Rost, l97la) and also is known to contain some nutrients 
(Hinton, 1948; Hinton and Shaw, 1954). 
Several light-microscope studies have been published on caryopsis 
coat structure (Table l). Gderin (1899 ) reviewed the structure of 
caryopsis coats in several species of Gramineae. Recently, Rost (in 
press) has reported caryopsis coat structure in Setaria lutescens at 
the ultrastructural level. Pomeranz and Sachs (1972) have published SEM 
micrographs of the pericarp and other layers in oat kernels. Baum 
(1971) examined the outer surface of the caryopsis coat in oats with 
the SEM. Ortu (1970) demonstrated the protective function of the 
caryopsis coat and other layers of the wheat kernel to X-ray damage. 
The anatomy of the matu re caryopsis coat is remarkably similar in 
grasses that have been studied. The coat is continuous around the en-
tire caryopsis except where it is connected to the axis of the in-
florescence. The exterior is covered by a thick cuticle. The pericarp, 
which is derived from the ovary, may be a thin crushed layer or it may 
be composed of one or several intact cell 1 ayers. In wheat the outer 
epidermis remains, and several layers of the mesocarp form an additional 
layer (Bessey, 1894). In Pennisetum typhoideum, sclerenchyma fibers 
and sclereids also may be found in the pericarp (Narayanaswami, 1953). 
In Setaria ital ica the inner epidermis of the ovary may be present only 
as a ~rushed membrane-like film (Narayanswami, 1956). Also part of 
the pericarp ( and peculiar to the grasses) are cross cells and tube 
cells, both of which have thick l ignified walls with simple pits. 
Cross eel ls are parallel to the surface, but are elongated transversely 
to the long axis of the caryopsis ; they may be branched. Tube cells are 
also parallel to the surface, but elongated along the caryopsis axis. 
The testa (seed coat) is derived from the integuments of the ovule 
and usually is reduced to a thin layer at maturity . In Eleusine 
coracana, however, a cellular layer remains, even in the mature caryopsis 
coat (Narayanaswami, l955a). In Agropyron elongatum and in Buchloe 
dactyloides (Thornton, l966a,b) this layer is impermeable to certain 
stains, and dormancy can be broken by disrupting the testa. The 
nucellus, a nutritive tissue immediately surrounding the embryo sac 
during development, usually is reduced to a noncellular layer. 
In panicoid grasses (Rost, 1970; and unpublished observations) a 
thickened region of the caryopsis coat occurs at the lateral base of 
the caryopsis,adjacent to the aleurone transfer cells (Fig. 7). This 
region contains the remnants of the placental vascular bundle as well 
as several crushed pericarp layers. Harrington and Crocker (1923) first 
described this region of the caryopsis coat in Johnson grass (Sorghum 
halepensis). They observed a gap in the aleurone layer, at the base of 
the caryopsis, which they called the 11 hilar orifice, 11 filled with small 
thick-walled cells tightly packed with several coiled strands of trach-
eary elements, called 11 closing tissue." Artschwager, Brandes, and 
Starrett (1929), Narayanaswami (l955a,b,c; 1956), and Kiesselbach and 
Walker (1952) also used the terms 11 hilar orifice11 and 11 cl osing tissue11 
to describe this region of the caryopsis coat in several species of 
grasses . They used that terminology incorrectly, however, because the 
caryopses they described all appear to have a continuous aleurone layer; 
GRASS CARYOPSIS ANATOMY AND FINE STRUCTURE 
C aryop sis 
Ccat 
55 
Fig. 7 . Drawing of a median longitudinal section of the caryopsis of 
Setaria lutescens (Panicoid type}. Structures of the caryopsi s 
include: endosperm (Endo.), aleurone layer (Aleur.), transfer 
aleurone cells (T. aleur.), placental pad (Pl. Pad}, and the 
embryo with some of its component parts labeled - the coleoptile 
(Coleop.), shoot apex (Apex), radicle (Rad.), coleorhiza (Coleor.) 
and scutellum (Scut.} ; line scale equals 0 . 1 mm. The caryopsis 
coat (insert upper right) consists of the foll01,.1 ing layers: (l) 
nucellus, (2) testa, (3) tube cells, (4) cross cells, (5) epi-
dermis of the pericarp, and (6) cuticle layer . Reproduced from 
Rost (in press), Botanical Gazette, by permission of University 
of Chicago Press. (c 1973 by the University of Chicago , All 
rights reserved.] 
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therefore, they have neither orifice nor closing tissue as these 
structures were described originally by Harrington and Crocker (1923). 
Kiesselbach and Walker (1952) introduced the term 11 placento-chalazal 
region" to describe this same structure. Rost and Lersten (1970) and 
Rost (in press) proposed that the term "placental pad 11 be used to 
describe this region, thereby eliminating the confusion caused by 
terminology such as 11 hilar orifice, 11 11 closing tissue, 11 and 11 placento-
chalazal region. 11 
Caryopsis development and germination 
No attempt will be made to review the extensive literature on 
anatomical studies of embryology, caryopsis development, and germina-
tion. Selected studies are listed in Table 1 concerning these areas. 
Of special note, however, are two recent reviews on physiological and 
morphological changes during germination. Ching (1972) has an ex-
cel lent survey of current literature on germination and physiology, in-
cluding a separate section on grasses. Berlyn (1972) has recently 
reviewed anatomical studies of germination, wi th much emphasis on Zea 
mays, based primarily on the work of Sass (1951, 1955) and Picklum~­
(1953). Hallam et al. (1972), Berjak and Villiers (1970), Takatsuka 
(1967), and Deltour and Bronchart (1971) have studied rather extensive-
ly the transformation of storage bodies in germinating caryopses and 
the fine structural transformat ion of various other organelles. 
Protein-body structure and changes during germination 
Protein bodies have been observed in caryopses of numerous grasses. 
Early studies (Groom, 1893; Guill iermond, 1908; Chaze, 1934) reported 
these bodies and followed their ontogeny in several species. 
Rost (1972) reviewed the 1 iterature on protein-body types. Protein 
bodies are distributed throughout the caryopsis in gras ses. In the 
endosperm they have a concentric pattern of dark and light layers and 
do not stain for phytin. Protein bodies of this type have been found 
in Setaria (Rost, 197lb), Oryza (Mitsuda et al., 1969) and Zea (Khoo 
and Wolf, 1970). In the embryo proper, protein bodies are strikingly 
different. In some grasses, e.g., Setaria (Rost, 1972), Secale (Hallam, 
Roberts, and Osborne, 1972), Bromus (Macleod et al., 196ij) , and Zea 
(Berjak and Vil lier, 1970), embryo protein bodi es have a uniform matrix 
with no inclusions. Some workers have reported that protein bodies in 
Triticum are free of inclusions (Setterfield, Stern, and Johnston, 1959; 
Morton, Palk, and Raison, 1964), although other s report that protein 
bodies contain globoids, which are spherical inclusions containing 
stored phosphorus (Buttrose, 1963a,b; Nougarede and Pi let, 1964; Poux, 
1963a,b; Graham et al., 1962). Protein bodies in Hordeum have been 
shown without inclusions (Ory and Henningsen, 1969), with globoids 
(Nieuwdorp, 1963; Nieuwdorp and Buys, 1964), and with both globoids and 
crystalloids (Jones, l969a,b,c; Buttrose, 1971; van der Eb and Nieuwdorp, 
l 967; Paleg and Hyde, 1964). Jacobsen, Knox,and Pyl iotis (1971) also 
worked with barley protein bodies, and reported globoids present, as 
well as what they called a protein-carbohydrate body (crystal loid) 
based on silver-hexamine staining. 
During germination, stored protein bodies are digested into pep-
tides and amino acids usable for metabolism. An ultrastructural pat-
tern of protein-body digestion characteristic for grasses is slowly 
becoming evident as more are investigated. Berja k (1968) and Berjak 
and Villiers (1970) studied senescence of root cap cells in corn during 
germination. They reported that gradual digestion of protein bodies 
was coupled with the appearance of tiny vesicles within the protein 
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bodies. These vesicles were thought to come from dictyosomes. Deltour 
and Bronchart (1 971) studied fine-structural chang es in corn radicles 
during germination. They showed similar vesicle inclusions in digested 
protein bodies, but did not comment specifically on them. Rost (1972) 
reported on Setaria protein-body digestion and showed a simila r pattern. 
Hallam, Roberts, and Osborne (1972) also have recently demonstrated 
this digestion pattern in Secale. The digestion pattern described for 
these grasses involves the presence of internal vesicles. This implies 
a regulated digestion pattern, as opposed to a general breakdown type 
of digestion common to protein bodies in seeds from other families. 
Table l. Selected aspects of caryopsis anatomy indicated by investi-
gators and grouped under genera 
Taxon 
Reference 
General 
Alexandrov (1937) 
Alexandrov and 
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Table l (Continued) 
Taxon Topics I... Q) 
~ 
Vl I... .µ Vl Vl 
Q._ Q) cu c Q) 
0 >- 0 cu 
~ .µ c cu u I... -0 c 0 Vl .µ 0 
cu ~ Q) E Vl ..0 u .µ Q) Q) 
Q._ cu Ol (!) c Vl c c 
(!) 0 c 0 0 Q._ 0 Q._ ..!: 0 
I... >- Vl I... 0 u I... Vl Q) (!) E 0 I... 0 :i >- I... :i~ .µ Reference .µ > I... E ..0 -0 (!) I... cu a.>~ 0 
c (!) Q) 0 E c ~ cu .µ ~ Q) I... w 0 (.!) I w w u (/) <:{ u CL 
General (Continued) 
Ching (l 972) x 
Chippendale (1934) x 
Czaja (l 969) x 
Davis (1966) x 
Gordon ( 1922) x x 
Groom (1893) x 
Guerin ( 1899) x 
Guignard and Mestre (1970) x 
Gui 11 iermond ( 1908) x x 
Hartig (1856) x 
Harz ( 1885) x 
Hector ( 1936) x x x 
Jacques-Felix ( 1962) x x 
Kennedy ( 1899) x x x x 
Kinges ( 1961) x 
Kol le (l 926) x x 
Lehmann and Aichele ( 1931) x x x 
Macleod (1969) x 
Macleod and McCorquodale 
( 1958) x 
Martin (1946) x x 
Mayer and Poljakoff-Mayber 
(1963) x 
Negbi and Koller (1962) x 
Neto l i tzky ( 1926' 1935) x 
Nezgovorova and Borisova 
( 1970) x 
O'Brien and Thimann (1965) x 
Palmer ( 1970) x 
Pammel ( 1898) x x 
Pashikov (1951) x 
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Table (Continued) 
Taxon Topics L.. Q) 
<fl 4-
Q_ L.. .µ <fl <fl 
0 Q) ro c Q) 
>- >- 0 ro 
L.. .µ c ro u L.. "D 
.µ c 0 <fl .µ 0 
ro Q) Q) E ..0 
u E .µ L.. Q) Q) Q_ ro O'> Q) c <fl c c 
Q) 0 c 0 0 Q_ 0 Q_ ..L: 0 
L.. >- <fl L.. 0 u L.. <fl Q) 
Reference Q) E 0 L.. 0 ::J >- L.. :i~ .µ .µ > L.. E ..0 "D Q) L.. ro w~ 0 
c Q) Q) 0 E c :;;: ro .µ ~ Q) L.. UJ Cl (.!J :::c UJ UJ u (/') <( u a... 
General (Continued) 
Pfeffer ( 1872) x 
Reeder (l 953' 1957, 1962) x 
Roth ( 1955) x 
Sargant and Arber ( 1915) x 
Silversides and Thornton 
( 1942) x 
Sumner and Lyon (l 967) x 
Tang] (l 885) x x x 
Terrell (1971) x 
Van Tieghem (1872' 1897) x 
Varner ( 1965) x x 
Vi 11 i ers ( 1972) x 
Winton and Winton (1932) x x 
Wolf and Khoo (1970) x 
Worsde 11 ( 1916) x x 
Yakovlev (1950) x x 
Youngner (1969) x x 
Ag rop::tron (Ta 11 wheat grass) 
Thornton (1966a) x 
Avena (Oats) 
Avery ( 1930) x x 
Baum (1971) x x x 
Bonnett ( 1961) x 
Cannon (1900) x 
Chen and Varner (l 970) x 
Danjo and lnosaka (1960) x 
Hinchman ( 1972) x 
Holt (1955) x 
Naylor (1966) x 
0 1 Brien (1965, 1967) x 
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Table (Continued) 
Taxon Topics 
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Avena (Continued) 
O'Brien and Thimann (1967 ) x 
Pomeranz and Sachs (1972a,b) x x x 
Ray (1962) x 
Thimann and O'Brien (1965) x 
True (1893) x 
Bromus (Bromegrass) 
Knobloch (1949) x 
Kowal and Ru dnicka-
Sternowa (1969) x x 
Krauss ( 1933) x x 
Macleod et a 1. (1964) x x 
Buch 1 o·e (Buffalograss) 
Thornton ( l 966b) x 
Co ix 
Weatherwax (1930) x 
Echinochloa 
Narayanaswami (1955b) x 
Zee and O'Brien (197la) x 
Eleusine 
Narayanaswami (1955c) x 
Holcus (Johnson grass) 
Harrington and Crocker 
(1923) x x 
Hordeum (Barley) 
Abdul-Baki and Baker 
(1970) x 
Butt rose ( 1971) x 
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Table (Continued) 
Topics I... Taxon Q) 4-
I/) I... ...... I/) I/) 
o._ Q) Ill c Q) 
0 >- 0 Ill 
>- ...... c Ill u I... "D 
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Hordeum (Barley) (Continued) 
Chr1speels and Varner 
(1967a, b) x x 
Cohen and Paleg (1967) x 
Co 11 ins (1918) x 
Engel ( 1947) x x 
Engel and Heins (1947) x x 
Guenther ( 1927) x x x x 
Hyde and Pa leg (1963) x 
Jacobsen et al . (1971 ) x 
Jacobsen and Varner (1967) x 
Jones (1969a,b,c) x x x 
Jones and Price (1970) x 
Krauss (1933) x x 
Macleod et a 1 . (1964) x x 
Macleod and McCorquodale 
(1958) x x 
Macleod and Pa lmer (1 969 ) x 
Macleod and White (1961) x x 
Major and Robe r ts (1968) x 
Mann and Harlan (1915) x x 
Mi f 1 in (1 969) x 
Mullenax (1967) x 
Naito et al. (1971) x 
Nieuwdorp ( 1963) x 
Nieuwdorp and Buys (1964) x x 
Norstog (1969, 1972) x 
Ory and Henningsen (1969) x 
Pa leg ( 1961) x 
Pa leg and Hyde (1964) x x 
Pollard and Singh (1968) x 
Pomeranz (1972) x x 
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Table 1 (Continued) 
Taxon Topics I.-(\) 
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Hordeum (Barley) (Continued) 
Pomeranz and Sachs (1972) x 
Taiz and Jones ( 1970) x 
van der Eb and Nieuwdorp 
(1967) x x 
Varner and Chandra (1964) x 
Vines ( 1947) x 
Melocanna (bamboo) 
Petrova and Yakovlev 
(1968) x x 
Monanthochloe 
Vi 11ami1 (1969) x 
Oropetium 
Dakshini and Tandon ( 1970) x x 
Oryza (Rice) 
Adachi (1955) x x x 
App et al. (1971 ) x 
Borasio (1929) x 
Bouharmont (1967) x x 
Danjo and lnosaka ( 1960) x 
Dey and Sircar (1968) x x 
Hashioka et al. (1968) x 
Hinton (1948) x 
Hinton and Shaw ( 1954) x 
Hogan et al. (1954) x 
Hoshikawa (1968 ) x x 
International 
bibliography of 
rice research ( 1963) x 
Juliano and Aldama (1937) x 
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c Q) Q) 0 E c :;;: cu .µ Q) I.. L1J 0 '-' ::r: L1J L1J u (/) <l'. u a... 
Oryza (Rice) (Continued) 
Kono and Ohashi ( 1967) x 
Little and Dawson (1960) x x x 
Maeda (1969) x 
Major and Roberts (1968) x 
Matsubayashi and Yamaguchi 
( 1971) x 
Mitsuda et al. ( 1 96 7 a , b , c) x x 
Ogawa (1966) x 
Opik (1972) x 
Roberts (1961) x 
Rosario et al. (1968) x 
Saha (1956) x x 
Sircar (1969) x 
Sircar et al. (1969) x 
Suetsugu (1953) x x 
Ueda and Tsuji ( 1971) x 
Varga (1967) x 
vairtapetian et a 1. (1971) x 
Watabe and Okamoto (1960) x 
Yampolsky (1944) x x 
Yung ( 1938) x 
f'anicum 
Avers ( 1961) x x 
Narayanaswami ( l 955a) x 
Paspalum 
Chao (1964) x x 
Narayanaswami (1954) x 
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Table l (Continued) 
Taxon Topics L 
Vl Q) 
4-
Vl L .µ Vl Vl 
Q_ Q) C1) c Q) 
0 >- 0 C1) 
>- .µ c C1) u L -0 
L c 0 Vl .µ 0 
C1) Q) Q) E _o 
u 6.. .µ L Q) Q) C1) 01 Q) c Vl c c 
Q) 0 c 0 0 Q_ 0 Q_ ..c 0 
L 0 >- Vl L 0 u L Vl Q) Q) E L 0 ::J c L ::J- .µ 
Reference .µ > L E _o -0 Q) C1) Q)- 0 c Q) Q) 0 E c ;( C1) .µ - Q) L w 0 c:..::J ::r: w w u <fl <( u a... 
Pennisetum 
Burton (1969) x 
Na rayanas v.,am i ( 1953 ) x 
Phleum 
Avers (1958) x x 
Nishimura (1922) x 
Paa 
0 
Akerberg ( 1943) x x x 
Anderson (1927) x 
Krauss ( 1933) x x 
Nishimura ( 1922) x 
Saccharum (Sugarcane) 
Artschwager et a 1. ( 1929) x 
Secale (Rye 
Engel (1947) x x 
Engel and Heins (1947) x x 
Hallam (1972) x 
Hallam et a 1. (1972) x 
Hatcher and Gregory 
(1941) x 
0 1 Brien (1951) x 
Setaria (Foxta i 1) 
Born (1971) x 
Guignard (1961) x x 
Keys (1949) x 
King ( 1952) x 
Kollman (1970 x 
Millett bib I iography 
(1967) x 
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Table 1 (Continued) 
Taxon Topics L 
Cl) 
4-
"' 
L .µ 
"' "' a. Cl) <1l c Cl) 
0 >- 0 <1l 
>- .µ c <1l u L "O 
L c 0 
"' 
.µ 0 
B ~ Cl) ~ "' _Q .µ Cl) Cl) 
a. <1l CJ) Cl) c 
"' 
c c 
Cl) 0 c 0 0 a. 0 a. .c 0 
L >-
"' 
L 0 u L V'l Cl) 
Cl) E 0 L 0 :::J >- L ::::i- .µ 
Reference .µ > L E _Q "O (j) L <1l Cl)- 0 c Cl) Cl) 0 E c <1l .µ (j) L 
w Cl (.!) I w w <{ u (/) <{ u CL 
Setaria (Foxta i 1) (Continued) 
Morre and Fletchall (1963) x 
Narayanaswami (1956) x 
Nishimura ( 1922) x 
Peters and Yokum ( 1961) x 
Peters et al. (196 3) x 
Rost (1971 a,b; 1972; 
In Press) x x x x 
Rost and Lersten (1970) x x 
Santelman n et al . ( 1963) x 
Schreiber (1965) x 
Yokum et al. (1961) x 
Sorghum 
Ayyanger and Krishnaswami 
(1941) x 
Paulson (1969) x x 
Sanders (1955) x 
Sorghum bibliography 
(1967) x 
Swanson (1928) x 
Watson et a 1. ( 1955) x 
Winton (1 902) x 
Tri ti cum (Wheat) 
Alexandrov and Alexandrova 
( 1936, 1938, 1939a,b,c) x x x x 
Alexandrova (1937) x 
Autenshlycus and Fadeeva 
(1969) x 
Avanzi et a 1. (1969) x 
Avery (1930) x x 
Bates (1943) x x 
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Table 1 (Continued ) 
Topics I.. QI 
Taxon 4-
Vl I.. .µ Vl Vl 
0.. QI co c QI 
0 >- 0 co 
>- .µ c co u I.. -0 
I.. c 0 Vl .µ 0 
co QI Q) E ...Cl 
u E .µ I.. QI QI 
0.. co en QI c Vl c c 
~ 0 c 0 0 0.. 0 0.. ..c 0 >- Vl I.. 0 u I.. Vl Q) Q) E 0 I.. 0 ::i >- I.. ::i- .µ Reference .µ > I- E ...Cl -0 Q) I.. co Q)- e c QI QI 0 E c co .µ QI 
UJ o (.!) :c UJ UJ <( u ll) <( u 0... 
Triticum (Wheat) (Continued) 
Bessey (1894) x 
Bibliography of wheat 
(1971) x 
Bradbury et al. 
(1956a,b,c) x x x x 
Brenchley ( 1909) x 
Brenchly and Ha 11 (1909) x 
Butt rose (1963a,b) x x x 
Chen et a 1. (1971) x 
Eastwood and Laidman 
( 1971) x 
Eckerson (1917) x 
Engel (1947) x x 
Engel and Heins (1947) x x 
Evers (1970, 1971) x 
Ferguson and McEwan (1969) x x 
Floris (1969, 1970) x x 
Foard and Haber (1961, 1962) x 
Frazier and Appalanaidu 
(1965) x 
Frazier et al ( 1956) x 
Glick and Fischer ( 1946) x x 
Guenther (1927) x x x x 
Haber et a 1. ( 1961) x 
Haber and Foard (1964) x 
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Table (Cont inued) 
Topics I.... Taxon Q) ~ 
IJl I.... .µ IJl IJl 
a. Q) co c Q) 
~ >- 0 co .µ c co u I.... -0 
I.... c 0 IJl .µ 0 
co Q) Q) E IJl _Q 
u E .µ I.... Q) Q) 
a. co CJ) Q) c IJl c c 
Q) 0 c 0 0 a. 0 a. ..s:: 0 
I.... >- IJl I.... 0 u I.... IJl Q) 
Q) E 0 I.... 0 :::J >- I.... :::J ~ .µ 
Reference .µ > I.... E _Q -0 Q) I.... co Q) ~ e c Q) Q) 0 E c co .µ Q) 
w a c.!l I w w <( u (/) <( u a... 
Tri ti cum (Wheat) (Continued) 
Hayward (1938) x x 
Hess and Mahl ( 1954) x x 
Hess et al . ( 1955) x x 
Hinton ( 1947) x 
Hrsel et a 1. (1961) x 
lnnamorati (1963) x 
Jennings et al . (1963) x x x 
Jensen (1918) x 
Kent (1966) x 
Kent-Jones and Amos (1967) x x 
Krauss ( 1933) x x 
MacMasters et al (1964) x x x 
Marinos and Fife (1972) x 
McCall (1934) x 
Miyamoto et al . ( 1961) x 
Morris et al . (1946) x 
Morton et a l. (1964) x 
Nougarede and Pi 1 et (1964) x x 
0 1 Brien ( 195 1 ) x 
0 rtu (1970) x 
Percival ( 1921' 1927) x 
Pett ( 1935) x 
Poux (l963a,b,c) x 
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Table (Continued ) 
Taxon Topics I... Q) 
~ 
Vl I... .µ Vl Vl 
Q_ Q) cu c Q) 
0 >- 0 ~ ~ .µ c cu u -0 c 0 Vl .µ 0 
cu Q) Q) E ..0 
u E .µ I... Q) Q) 
Q_ cu O'l Q) c Vl c c 
Q) 0 c 0 0 Q_ 0 Q_ ..c 0 ·-
I... >- Vl I... 0 u I... Vl Q) 
Reference Q) E 0 I... 0 ::J >- I... :::i- .µ 
.µ > I... E ..0 -0 Q) I... cu Q)- 0 
c Q) Q) 0 E c cu .µ Q) I... 
lJ..J Cl (.!J :r: lJ..J lJ..J <( u Vl <( u 0.. 
Tri ti cum (Wheat) (Continued) 
Poux ( 1965) x 
Price (1969) x x 
Price and Ey (1970) x x 
Reuther (1969) x 
Sandstedt (1946 ) x 
Sandstedt and Beckord 
(1946) x 
Seckinger and Wolf ( 1970) x 
Setterfield et al. (1959) x 
Shetlar (1948) x x x 
Simmonds ( 1972) x 
Swift and 0 1 Brien (1970) x 
Takatsuka (1967) x x 
Tavener and Laidman (1968) x x 
Thimann and 0 1 Brien (1965) x 
Tronier and Ory ( 1970) x 
True (1893) x 
Vold and Sypherd (1968) x 
Wangenheim (1965, 1969) x 
Zh i 1 a (1970) x 
Zh i la and Shulyndin (1969) x x 
Zea (Corn) 
Avery (1928 , 1930) x x x 
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Taxon Topics I.... 
111 
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"' 
I.... .µ 
"' "' 0.. 111 co c 111
0 >- 0 co 
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"' 
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co 111 111 § "' .J:J u E .µ 111 111 
0.. co en 111 c 
"' 
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"' 
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Zea (Corn) (Continued) 
Ber j ak (1968) x 
Ber j ak and Vi 11 i er s ( 1970) x x 
Berl yn ( 1972) x 
Bernstein (1943) x 
Brown et al. ( 1971) x 
Cherry and Lessman (1967) x 
Chri stianson et al. (1969) x x 
Del tour (1970) x 
Deltour and B ronchart 
( 1971) x x 
Duvick ( 1955, 1961) x x 
Gager (1907) x 
Groszmann and Sprague 
(1948) x x 
Haddad ( 1931) x x 
Harz (1885) x x 
Hayward ( 1938) x x 
Hopkins et al. (1903) x x 
Ingle et al . (1964, 1965) x 
Ingle and Hageman (1965) x 
Johann (1936) x x x 
Khoo and Wolf ( 1970) x x 
Kiesselbach (1949) x x x x 
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Table l (Continued) 
I... 
Taxon Topics Q) 4-
Vl I... ...... Vl Vl 
0. Q) '11 c Q) 
0 >- 0 ~ >- ...... c '11 u "'O 
I... c 0 Vl ...... 0 
B Q) Q) E .0 E ...... Q) Q) 
0. '11 CJ) Q) c Vl c c 
Q) 0 c 0 0 0. 0 0. ..c. 0 
I... >- Vl I... 0 u I... Vl Q) 
Reference Q) E 0 I... 0 :J >- I... :J- ...... 
...... > I... E .0 "'O Q) I... '11 Q)- 0 
c Q) Q) 0 E c ~ '11 ...... - Q) I... UJ Cl (..!) :r: UJ UJ u V> <( u 0... 
Zea (Corn) (Continued) 
Kiesselbach an d Walker 
( 1952) x x 
Kraemer ( 1903) x x 
Kulakova (1969) x x x 
Lampe (1931) x 
Longo and Longo (1970) x 
Lund et al . (l 958) x 
Mat i le (l 968) x 
Mo·ry et al . (1972) x 
Nikuni and Whistler (1957) x 
Oaks and Beevers (1964) x 
Picklum ( 1953) x x 
Poindexter ( 1903) x 
Randolph (1936) x 
Rowlee and Doherty (1898) x 
Sargant and Robertson 
( 1905) x 
Sass (1945, 1951' 1955) x x 
Stein and Quastler (1963) x 
Tetley and Priestley (1927) x 
Toole (1974) x 
True (1893) x 
Walle and Bernier (1967) x 
Watson et a 1. (1955) x 
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Table l (Continued) 
Taxon Topics I... 
Q) 
4-
</) I... .µ </) 
0.. Q) co c 
0 >- 0 co 
>- .µ c co u I... 
I... c 0 </) 
co ~ u .µ .~ E Q) Q) 
0.. co O'l Q) c </) c 
Q) 0 c 0 0 0.. 0 0.. ..r:: 0 
Reference I... >- </) I... 0 u I...</) Q) E 0 I... 0 ::J >- I... :::i-
.µ > ,_ E ..c -0 Q) I... co Q) -
c Q) Q) 0 E c co .µ ~ Q) LLJ Cl (.!) :::c LLJ LLJ ~ u (/) u 
Zea (Corn) (Continued) 
Weatherwax (1920, 1930) x 
Wolf et al. (1952a,b , c , d) x x x x 
Zizania 
Sorokina (1970) x 
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ditch 
BIESCHKE, SHARON ANN 
~Environment 
MASTERS' THESES, 1972-73 
Young adults' attitudes toward marriage : A pragmatic-traditional 
continuum 
BLOCK, MARY ANN 
~Environment 
Personal and social correlates of attitudes toward contemporary 
issues in family life 
BLOOM, JAMES WILLIAM 
Physics 
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Deuteron nuclear magnetic resonance in polycrystalline deuterated 
organic compounds 
BOSS, RANDY R. 
Sanitary Engineering 
Hydraulics and intermi xin g of sand and coal filters 
BOSZE, WAYNE PAUL 
Metallurgy 
The effects of crystallographic anisotrophy on the growth rates of 
Widmanstatten precipitates formed during sol id-sol id phase trans-
formation s 
BOYCE, DAVID RAY 
Agricultural Engineering (Water Resources) 
National trends in mandatory soil conservation legislation and the 
Iowa conservancy district bill 
BRACKIN, MICHAEL FRANCIS 
Zoology 
The reproduction cycle and behavior of Acris crepitans (Sal ientia: 
Hylidae) 
BRINK, ROGER WARREN 
Inorganic Chemistry 
Synthesis and reactions of carbamoyl and akloxycarbonyl complexes 
of manganese and rhenium 
BRISTOW, JAMES ORREN 
Bacteriology 
A biochemical and genetic analysis of 3-amino-1,2,4-triazole-
resistant mutants of Staphylococcus aureus 
BROWN, LARRY DEAN 
Nuclear Engineering 
Determination of Fe, Mn, Zn, Cu, and Mo in soybean plant material 
by instrumental neutron activation analysis 
BROWN, MADELINE HUNT 
Textiles and Clothing 
Reactions of selected Iowa State University students to the dashiki 
and the Black Panther Party costume 
BROWN, ROGER JOHN 
Electrical Engineering 
A specialized computer display system 
BUCHELE, MARY JAGGER 
Journalism and Mass Communication 
Analysis of the communication system and situational factors: Their 
role in the development of the Ghanian poultry industry 
BUCK, CORNELIA LINDSTROM 
Textiles and Clothing 
Aspects of "real" and "ideal" culture as seen in the clothing 
behavior of college students 
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BURGER, STEWART LEE 
Institution Management 
Cost of use of permanent ware and single-use ware in a hospital 
food service 
BURKHART, DANIEL JOHN 
Animal Science (Animal Nutrition) 
Effects~tary Ca:P on parturient pare sis and blood composition 
BURLEY, LINDA ELLEN 
~Environment 
Assumed vs. actual perceptions of consume rs as related to an auto-
matic washer instruction book 
BULL, CAROL JEAN 
Sociology 
Relationship of educational congruence to the occupational atta in-
ment process and subsequent satisfaction: A logitudinal study 
BURNHAM, NATHAN FRANK 
Agricultural Economics 
The effect of the hog- corn ratio on swine production in Iowa 
CARDILLO, LEONARD JOSEPH 
Psychology 
The effects of processing varying amounts of information upon the 
perception of brief tempor al intervals 
CARLSON, KATHERINE McCARTY 
Journal ism and Mass Communication 
-----A model pamphlet : Providing money management information for rural 
and small town low-income homemakers in the Middle West 
CARSON, LINDA KAY ARENDS 
Child Development 
Moral judgments of adolescents 
CATLIN, JOSEPH EDWIN 
Electrical Engineering 
Design and evaluation of a 405 MHz feed for a 28-foot parabo lic 
radio telescope antenna 
CECIL, STEVEN DALE 
Botany (Ecology) 
Determining vegetative categories useful in the Ames Reservoir 
Environmental Study 
CHASTAIN, CLAUD BLANKENHORN 
Veterinary Clinical Sciences 
McFee and Parungao orthogonal lead vectorcardiography in normal 
dogs 
CHEN, CHUN - YEE 
Agricult ural Engineering 
Design and laboratory performance of a seed population meter for 
corn 
CHOWDHURY, Mofazzal Hossain 
Agricultural Engineering and Industrial Engineering 
Effects of the operating parameters of the rubber roller sheller 
CHRISTENSEN, JAMES EAR L 
Sociology and Anthropology (Sociology) 
A sociological analysis of the high-use and low-use of outdoor 
recreation facilities 
CHRISTENSON, MARCIA KAY 
Nutrition 
Reliability of a d ietary history questionnaire to meas ure food 
habits 
MASTERS 1 THESES, 1972- 73 
CLARK, MARGARET AN N KUENNEN 
Entomology (~Biology) 
95 
Ultrastructural examination of trophocytes and oenocytes from sodium 
phenobarbital-treated house flies 
CLOVER, KAREN HIA 
Home Economics Education 
Assessment of observation and participation activities of high 
school pupils in chil d development classes 
COFFEY, MICHAEL VERNON 
Chemical Engineering 
Temperature reg ulation in newborns 
COREY, M. MARIE JONES 
Food and Nutrition (Nutrition) 
Dieta-;=v-egg alb umin and carotene metabolism in rats; in vivo and 
in vitro studies 
CRAWFORD, EFFIE MABEL MOFFITT 
Home Economics Education 
Concepts related to money held by Iowa home economics teachers 
DAHLIN, MARJORIE ANN BRANDT 
~Environment 
Feminism and eq ual itarianism related to material satisfaction of 
wives of rural Iowa 
DAHLKE, MICHAEL DEAN 
Economics 
The impact of local devel opment organizations on the industrial iza-
tion of rural Iowa communities 
DAVITT, JAMES PATRICK 
Chemical Engineering 
Crystal] izer withdrawal behavior 
DEJOODE, ARNOLD DW IGHT 
Aerospace Eng ineering 
Mach number distributions and mass flow rate for swirling flows in 
a choked nozzle throat 
DE ROZAR I, MANUEL BLANTRAN 
Agronomy (Agricultural Climatology) 
Effect of temperature on the su rvival and deve lopment of the 
European corn borer 
DEVINE, BARNETT WILLIAM 
Psychology 
The effect of presentation time and schizophrenic type on per-
formance on a non - verbal , recognition task 
DILLON, PATR ICIA L. 
Home Economics Educat ion 
Curricular mate rial s for teaching topics in food and nutrition and 
human developmen t and the family to senior boys in high school 
DOBBERTIN, LESLIE ANN 
Sociology and Anthropology (Sociology) 
Participation and divergence from group norms in a voluntary 
association 
DOUGHERTY, KATHRYN ANN 
Ani ma l Science (Animal Nutrition) 
Th e effect of dietary cholesterol on the lipid composition of plasma 
l ipoproteins in goats 
DOW, DAVID EDWIN 
Chemical Engineering 
Pelletization of gypsum 
MASTERS 1 THESES, 1972-73 
DUMENIL, LUALIS D. UTHOFF 
Textiles and Clothing 
Use of poured foam dress forms in home sewing 
DUNN, ROBERT JOSEPH 
Psychology 
The effect of Locus of Control on task performance following ex-
posure to conditions of control and no control over aversive 
stimulation 
ECKELS, DAVID E. 
Physics (Sol id State Physics) 
The visual effects of switching amorphous 0. 15As-O. 12Ge-0.73Te 
glass 
EIDET, R. MARGRETHE STENE 
~Environment 
Interior housing spaces experienced and preferred by young home-
makers for primary activity performance 
ELLIS, DAVID CHARLES 
Transportation Engineering 
A study of effectiveness of channelization at selected intersections 
in Des Moines, Iowa 
ESSEX, MELVIN ROY 
Agricultural Education 
Factors related to occupations of farm-reared male graduates of 
the Coggon Community High School 1939-70 
EVERS, FREDERICK THOMAS 
Sociology 
Organizational goal identification: Some alternative techniques 
FARR, MARVIN KENNETH 
Physics (Solid State Physics) 
The lattice dynamics of gallium antimonide 
FENNERN, LARRY EDGAR 
Nuclear Engineering 
Economic study of plutonium recycle in a thermal reactor 
FILO, NANCY ELIZABETH 
Psychology 
Comparison of social behavior, social cue perception, and the self-
concept of educable retardates and normals in the regular classes 
FLEMING, ELIZABETH SUZANNE 
Family Environment 
Effects of child visitation on self-esteem and racial attitudes 
FINNIGAN, ORVILLE EUGENE 
Electrical Engineering 
Economic dispatch with pollution constraints 
FOREMAN, LINDA SUE 
~Environment 
Satisfactions with factory built housing 
FOREMAN, PATRICIA ANN 
Child Development 
Discrimination by children of male and female human figures 
FRANSON, J. CHRISTIAN 
Zoology and Entomology (Zoology - Ecology) 
Chlorinated hydrocarbon insecticide residues in an Iowa mink 
population 
FREESE, HARVEY MICHAEL 
Meterology 
Analysis of the atmospheric transport of the southern corn leaf 
b 1 i ght spore 
MASTERS 1 THESES, 1972-73 
FUNG, ANTHONY KW OK-TUNG 
Electrical Engineering 
A simulated assembler for the handwritten character recognition 
processor 
GARNANT, PHYLLIS STENSTROM 
Home Economics Education 
Curricular suggestions for teaching selected topics in clothing 
and housing to twelfth grade boys 
GAU , MAXINE T. 
Home Economics Education 
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Analysis of adult home economics education class offerings in Iowa 
GEDGE, DAVE LEO 
Agronomy (Plant Breeding) 
lntergenotypic competition between rows and with in blends of 
soybeans, Glycine max (L.) Merrill 
GEORGE, FREDRICK WILLIAM 
Zoology (Physiology ) 
Effect of hypophysectomy during late pregnancy upon mammary gland 
growth in the rat 
GLAZIER, RALPH M. 
Journalism and Mass Communication 
An historical essay on anatomical illustration : A visual counter-
part of bio-medical communications 
GOTTSMAN, EARL EUGENE 
Organic Chemistry 
Heterocyclopentadiene synthetic studies 
GRAHAM, LYNN MARIE LARSON NIPPER 
Child Development 
Children 1 s understanding of death 
GRANNEMAN, GARY ALVIN 
El ectrical Engineering 
Active RC Filters: Some nonlinear effects 
GREENWALT, ROBERT JOHN JR. 
Nuclear Engineering 
Feasibility of flashing cycles for steam production from pressurized 
water reactors 
GRIFFITH, WILLIAM IRVING 
Engineering Mechanics 
The app lications of holography in engineering mechanics 
GUMTAU, RICHARD OLE 
Transportation Engineer ing 
The obedience of pedestrians to traffic signals 
GUTHRIE, MYRON LESLIE 
Agronomy (Crop Production and Physiology) 
Soybean responses to photoper iod ic extension under field conditions 
HAGEDORN, CHARLES I II 
Bacteriology 
Development of a medium for the se lection and enumeration of members 
of the genus Arthrobacter 
HAGGARD, ANNA LOUISE 
Textiles and Clothing 
Developing a taxonomic system for women 1 s dresses in a historic 
costume collection 
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HAGLUND, JOHN AUGUST 
Ceramic Engineering 
Elastic properties of polycrystalline Gd 2o3 HALBIG, JAMES KENT 
Electrical Engineering 
Magnetic field control in a beta-ray spectrometer 
HANNA, FRANK RICHARD 
Town~ Regional Planning 
Utilization of eminent domain powers by private developers under 
specific conditions in private renewal. 
HARBERT, DONALD ZELL 
Electrical Engineering 
A terminal processor to PDP-11 interface 
HASIB, FAIZ KHALIL 
Journal ism and Mass Communication 
Design for ~experimental publicity campaign to promote tourism in 
Iraq 
HEGLAND, STEPHEN PAUL 
Psychology 
Measurement of three goal oriented behaviors of institutionalized 
juveniles through staff ratings 
HENDRICKS, REGINALD LYNN 
Psychology 
Effects of delay of reinforcement on activity and hurdle - jump 
latencies 
HILDAHL, KERMIT JULIAN 
Horticulture 
The potential for commercial vegetable production on irrigated 
soils in the Missouri River Valley 
HILL, HOWARD THOMAS 
Veterinary Microbiology 
The pathogenicity of the canine herpesvirus 
HINMAN, DONALD JOSEPH 
Zoology and Entomology (Zoology - Physiology ) 
Effects of ventromedial hypothalamic lesions on thryoid secret ion 
rate in rats 
HOENIG, THOMAS MICHAEL 
Economics 
Anticipating state revenue for Iowa through regression on personal 
income 
HOLCOMB, MARGARET V. 
Child Development 
Anxiety, acceptance, and achievement in sevent h-grade children 
HOLLATZ, STEPHEN MICHAEL 
Computer Science 
The eigenvalue problem for large sparse matrices 
HOLST, TERRY LYNN 
Aerospace Engineering 
Nu me rical calculation of viscous flow fields in cascade - type 
channels 
HOWELL, THOMAS HAMILTON 
Industrial Engineering 
An economic study of central repositories as a solution to the 
abandoned automobile problem 
HUGG, JOHN WILSON 
Electrical Engineering 
Impedances of a half - wave dipole over ground as functions of 
measured ground constants at 26 MHz 
HUI, SAl-NING 
Bacteriology 
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Evaluation of the sustained administration of ribonuclease on the 
antibody response 
HURLEY, MICHAEL DOUGLAS 
Chemistry (Physical Chemistry) 
The low temperature heat capacities of one d imensional systems; 
dimethylammonium trichlorocuprate (11) and tetramethylammoni um 
trichloronickelate (I I ) 
HVIZDOS, MARY ANN 
Child Development 
Human birth concepts held by young children 
IGUINIZ, CATALINA E. ROMERO 
Sociology 
Dimensions of religiosity for a sample of college students: 
Its relations with socio-psychological variables 
ITES, DALE LeROY 
Agricultural Economics 
Use of farm capital in Iowa 
IVERS, DREW RUSSELL 
Ag ronomy (Plant Breeding ) 
Anther culture of soybeans, ~max (L.) Merrill 
JAEGER, PIERRE AUGUSTE 
Industrial Relations 
Supra - national collective bargaining in relation with the institu-
tions of the European Communities 
JONES, WAYNE ELMER 
Electrical Engineering 
Th e role of the interface processor in the SYMBOL I IR computer 
system 
KAA P, JAMES DELBERT 
Agronomy (Soil Fertility) 
The effect of soil - and foliar-applied iron and zinc mate rials on 
the yield and leaf composition of field - grown corn and soybeans 
KEARNS, JAMES DAVID 
Chemical Engineering 
A comparison of dropler combustion models 
KELLEY, NORMAN WALTER 
Electrical Engineering 
Evaluation of triangulation with sferics in locating storms 
KELLY, ANTHONY MICHAEL 
Chemical Engineering 
Analog- di gital simulation of pulse column control characteristics 
KERN, JERRY LEE 
Journalism and Mass Communication 
Language barriers among interdis ciplinary researchers 
KIM, YONGJIN 
Electrical Engineering 
Measurements of properties of NDRO film elements 
KLATT, RICHARD TEMPLE 
~Engineering (Transportation Engineering ) 
Vehicle detectors for traffic s ignals 
KLEFSTAD, GILBERT EUGENE 
Water Resources 
Limitations of the electrical res istivity method for detecting 
landfill leachate in alluvial depos its 
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KLOC KOW, DANIEL EDWARD 
~Engineering (Soil Engineering ) 
Portable bore-hole shear strength tester for coal 
KLOOCK, DANNY DEAN 
Nuclear Engineering 
Optimization of 6u and hi in a fusion blanket 
KNUDTSON, H. KATHLEEN THOMPSON 
Home Economics Education 
Nutrition education as determined by responses from a selected 
group of fifth and si xth grade teachers in Iowa 
KOHNE, PHILLIP CHARLES 
~Engineering (San itary Engineering ) 
Ultrafiltration for the reco ve ry of arsenic from a chemical waste 
KOLPA, RONALD LLOYD 
Chemistry (Inorganic Chemistry ) 
Structural aspects and bonding in some aminophosphines 
KROENING, ROY FRED 
Inorganic Chemistry 
Polarized crystal absorption spectra for d ibromo (ethylendiamine) 
pl at i num (I I) 
KRUSE, ALAN EDWARD 
Chemistry (Inorgan ic Chemistry ) 
Reaction of cationic ruthenium and rhenium metal carbonyl complexes 
with nucleophiles 
KRUTUN, SAMRUAY 
Soil Fertility 
Effects of 1 iming on phosphorus availability in soils 
LABAN, HARRY 
·sociology 
The issue of neutrality and functionalis m: A humanistic 
perspective 
LAPERRIERE, ARTHUR JOSEPH LOUIS, I I I 
Wildlife~(~) 
Factors influencing differential calling rates of mourning doves 
LARRIEU, JORGE ALFREDO 
Electrical Engineering 
Digital computer solutions for distribution system s design 
LARSON, EMIL GLEN 
Agricultural Engi neering 
Effects of tillage and cultivation on soybean yields and weed 
control 
LARSON, RICHARD DON ALD 
Agricultural Engineering 
Storage properties of so il-1 ime-manure pellets 
LEE, CHEE MAN 
Physical Chemistry 
Applications of K-ray diffraction to organic reaction mechanisms 
LEE, CHONG CHUN 
Electrical Engineering 
An approach to the performance evaluation of multiprocessor systems 
with storage hierarchy 
LEE, JANG MOO 
Engineering Mechanics 
A study of material damping of aluminum alloy 2024-T4 in longi-
tudinal vibration 
LEES, MARY WISNER 
Sociology 
MASTERS 1 THESES, 1972-73 
The effect of religious change and geographic mobility on self-
concept and role perceptions 
LEISING, JAMES GILBERT 
Agricultural Education 
Factors related to occupations of male graduates of the Frankl in 
Public High School from 1951 through 1971 
LIAO, SHIH-MING 
Electrical Eng ineering 
Fault - detection experi ments on sequential machines 
LIGHTNER, LAWRENCE KENNETH 
Zoology (Paras i tology ) 
l 01 
Effects of env i ronmental temperature on Trichinella-in f ected mice 
LITTLE, TERRY WILLIAM 
Zoology and En t omology (Wil d life Biology) 
Pheasants in relation to Amish and modern farming methods in 
Buchanan County, Iowa 
LITWINCHU K, ALEXANDER 
Metallurgy 
De ns iti es, microstructure s, an d hardness of as-quenched high 
purity iron carbon alloys 
LUTHER, NANCY FRANKLIN 
Food and Nutrition (Nutrition ) 
Development and evaluation of a programmed instruction unit for 
teaching nutrition to s ixth grade students 
LUTZ, JOHN LOUIS 
Physics 
Scanner analysis of spectroscopic binaries 
MADILL, JAMES HOWARD 
Agricultural Eng ineering 
Agricultural tractor repowering through engine exchange 
MAINE, GARY DONALD 
Psychology 
Locus of control and traffic safety 
MALIK, AZH AR MAHMOOD 
~Engineering (Sanitary Engineering) 
Air and water backwashing of granular filters 
MANDIZHA, RUDO ALICE M. 
Textiles and Clothing 
The wearing of school uniforms by Rhodesian teenage pupils: 
Perceptions of adults and students in two African schools 
MARCANTONIO, ROBERT AL LAN 
Psychology 
Achievement motivation and femininity as related to achievement 
beha v ior in co l lege women 
McGRANE, MARTIN EDWARD 
Journalism and Mass Communication 
Dubuque - editorTaf battle- ground 1860- 1862 
McLAUGHLIN, CINDY RICHARDSON 
~Environment 
High school dating patterns 
McMAHON, MICHAEL EDWARD 
Bacteriology 
Mic robial changes during deterioration of ensiled high-moisture 
corn 
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McWILLIAMS, RICHARD HOWARD 
Zoology and Entomology (Fisheries Biology ) 
Effects of anabolic steroids on growth of channe l catfish 
(lctalurus punctatus) 
MERCIER, JOYCE McDONOUGH 
~Environment 
Facilitative-structured teaching 
METHERELL, RALPH FREDERICK 
Chemical Engineering 
Evaluation of fused fertilizer salt systems for slow release 
MOASE, SHIRLEY MacDONALD 
Textiles and Clothing 
Dress of American children from 1894 through 1914 as illustrated 
in the Del ineator 
MOLOKWU, ELI EZER CHUKWUNWEIKE I . 
Physiology (Domestic Animals) 
Endocrine physiology of the puerperal sow 
MOLZAHN, GWYNN MARIE 
Institution Management 
Consumption of utilities in the machine washing of permanent 
tableware 
MORTAZAVI, SEID ALI ASGHAR 
Electrical Engineering 
Optimization of synchronous ma chine 
MUELLER, PAUL ROBERT 
Economics (Agricultural) 
Economies of size in feed retailing operations 
MURKEN, MILTON DUANE 
Economics 
Analysis of quality factors in soybean grading as related to 
production, processors 1 needs and product value 
NEEDLES, CYNTHIA LOU 
~Environment 
Case studies of low resource elderly in rural nonfarm communities 
NELSON, DONALD ALAN 
Chemistry (Analytical Chemistry ) 
The determination of anti mony in aqueous chloride media by 
anodic stripping voltammetry 
NIELSEN, LINDA KAY MILLER 
Food Science 
Effect of polyphosphate, precooking and storage at .4F on 
nutritive and organoleptic qualities of beef or beef - soy loaves 
NIELSEN, MERLYN KEITH 
Animal Breedin g 
Heritabil ities of Angus classification scores 
NIEMEYER, CARTER CLARENCE 
Zoology~ Entomology (Wildlife Biology ) 
An ecological and serological survey of rabies in some central 
Iowa mammals 
NISBETT, DONALD ALWIN 
Biochemistry 
Kinet ic studies of rat liver glucokinase 
OBILANA, ANTHONY BABATUNDE 
~Breeding 
Estimation of genetic variances in Iowa Still Stalk Synthetic 
(BSSS) using unselected S7 inbred lines of maize 
MASTERS' THESES, 1972- 73 
OBOEGBULEM, ST EPH EN IKE 
Veterinary Microb iology 
Response of swin e to Mycoplasma hyo pneumoniae vaccination 
O'CONNOR, DONALD PAUL 
Bacteriology 
The antigenicity of chicken erythrocyte histones 
OH, SHI N MOO 
Ceramic Engineering 
Th e flexural strength of chemically strengthened po lycrystalline 
alumina at e l evated temperatures 
0 1 HAYR E, HAROLD JAMES 
General Science (Geodesy and Photogr ammetry ) 
Tran sformati on of digitized image ry into picture f unctions using 
sparse arrays of picture elements 
OMBWARA , STELLA ANDENYI KWE GA 
Home Economic s Education 
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Nutrition concepts needed for t e ach i ng disadvantaged youth in the 
Iowa expanded nutrition p rogram 
ORUM, STEPHEN ARTHUR 
In dustrial Engineering 
A heuristic programming algorithm for wa rehouse location problems 
PERSON, HOWARD LEE 
Water Resources 
Performa nce of three hydraulic systems for conveying and treating 
swine man ure 
PETERSBURG, STEPHEN J. 
Wildlife Biology 
Bul 1 bison behavior at Win d Cave National Par k 
PETERSEN , EDWINNA LOCKHART 
~Environment 
Ori entation to life of the rural non-farm aged 
PHILLIPS, MITCHEL EARL 
Animal Science (Nutritional Physiology) 
A nephelometric procedure fo r the de termination of total milk fat 
and protein concentrations 
POE, DONA LD PATR ICK 
Anal ytical Chemistry 
Properties of 4,7-d ihyd roxyl - 1, 10- phenanthroline, a reagent for 
iron in alkaline solution 
POHLMAN, CHARLES MAX 
Agricultural Education 
Emp loyment opportunities in retail agricultural machinery distribu -
tion in Iowa 
POROSOFF, GEOFFREY 
Psychology 
College student drug usage, locus of control, an d college _ student 
sat is fa ction 
PORYLO, OLGA 
Food and Nutrition (N utrition ) 
Prote~quality of baked products containing soy protein concen-
trates . 
POTHOVEN, MARVIN ARLO 
Biochemistry 
Lipogenesis in adipose tissue of cat tle at different weights and 
its adaptation to fasting 
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PRATT, PHILIP WAYNE 
Aerospace Engineering 
Finite difference solutions to the equations of fluid flow around 
an el liptic cone 
PUAR, MRUNALINI DEVI 
Nutrition 
The quality of pearl mil let protein in relation to lipid and 
cholesterol deposition in the developing rat brain 
QUARRIE, SHARON MARIE SCHUCK 
Zoology (Physiology) 
Experimental induction of mamma ry gland growth by a fl uctuating 
ratio of estrogen and progesterone in the rat 
QUITER, ELAINE MARGARET 
Food and Nutrition (Nutriti on) 
Effect of calcium, ascorbic acid an d me thionine on iron 
absorption 
RANKINS, JENICE 
Food and Nutrition 
The effect of dietary protein and fat on carcass and 1 iver compo-
sition in yo ung rats 
READ, LEONARD KENDALL 
Physical Chemistry 
Crystal structure of compoun ds potentially related to the bis-
homotrophylium ion 
REISETTER, EUGENE L. 
Education (Adult Education ) 
Personal and social characteristics of pa rtic ipant s in a leader-
ship Development Self-Study Course (L D SS C) 
RENAUD, MERLE AUBREY 
Mechanical Engineering 
A study of the response characteristics of coa ted thin-film heat 
flux gages 
RICHARDS, JOANNE FELDMAN 
Zoology (Physiology ) 
Effect of Cis- and trans-clomiphene on rat mamma ry gland develop-
ment 
RINDSIG, GREGORY LANE 
Ani ma l Science (Animal Breed ing ) 
Genotype of environment int e racti on and contempor aneity in 
Holstein twins 
ROMERO, ANTHONY C. 
Chemical Engineering 
Torque-Knudsen measurements of the vapo r pressure of the platinum 
tetrahalides and the rare earth polymers of di(2 - e thylhexy l) 
phosphoric acid 
ROSE, DONALD GEORGE 
Institution Management 
Life analysis of instit uti onal china tableware 
ROSS, JOY ANN 
Chemistry and Education 
Development and evaluation of a self-paced instructional system for 
teaching the foun dat ions of college chemi stry 
ROSS, MICHAEL WAYNE 
Chemical Engi neering 
Turbulence in starch paste 
ROUSSELOW, DAVID LEE 
Animal Nutrition 
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Effects of protein inta ke during the sta rter period on subsequent 
nitrogen meta bolism of pigs 
RUBEN, ZADOK 
Veterinary Patho logy 
Morphological studies of adrenal cortex and striated muscle in 
9-fluoropredn i solone acetate treated golden hamsters (Cricetus 
auratus) 
RUDD, NANCY ANN SCHERMERHORN 
Textiles~ Clothing 
Preferences for combinations in color, value and temperature in 
relation to personal coloring 
RUSSELL, STEPHEN SANER 
Ae rospace Engineering 
Thickness distribution for mini mum weight thin panels subject to 
a supersonic flutter speed constraint: A non-linear programming 
approach 
RUSSELL, STEVE FORREST 
Electrical Engineering 
Noise and sensitivity - measu rement theory for receiving systems and 
circuits 
SAGARDOY, MARCELO ANTON IO 
Agronomy (Soil Microbiology and Biochemistry) 
Effects of inoculation with Rhizobium japonicum on soil rhizobia, 
nodule formation and seed yield of soybeans (Glycine max) 
SCHROEDER, DONALD RAY 
Physical Chemistry 
The crystal structures of hexamminecobalt hexachloroantimonate 
(111) and examminecobalt nonafluoroantimonate (111) 
SCHULTZ, LYNDA KA Y 
Psychology 
Personality correlates of college student satisfaction 
SENSENIG, LARRY DAVID 
Psychology 
Effects of electrolytic ventromedial hypothalmic lesions in 
conscious rats on hunger mot ivated behavior 
SETTLE, CHERYL JEANN E MOLER 
~Environment 
The development of a Families of the Future Attitudes Scale 
SEVER, JAMES CHARLES 
Metallurgy 
Electrotransport of oxygen, nitrogen and carbon in hafnium 
SHARER, PAUL CHARLES 
Chemical Engineering 
Mass transfer from drops with forced internal circulation 
SHENK, JAMES CLYDE 
Sociology~ Anthropology (Sociology) 
Differential rural-urban leisure use patterns 
SHERAAB, HISHAM MAHMOUD 
Economics (Ag ricultural ) 
Agricultural development in Jordan with full utilization of re-
sources 
SHIH, CHEN-Pl 
Electrical Engineering 
Control unit for serial - to- parallel and parallel - to- serial data 
conversion 
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SHOEMAKER, JOHN BURTON 
Water Resources (~ Engineering) 
Analysis of the degree- day method of predicting snowmelt runoff in 
Iowa 
SIMMONS, JAMES ARTHUR 
General Science (Geodesy and Photogrammet ry ) 
A study of anaglyph production techniqu es and applicat ions 
SINGH, KULDIPINDER 
Electrical Engineering 
Investigation of the stability and re sponse of a model-reference 
adaptive control system 
SLIPY, DAVID MICHAEL 
Sociology 
Outstate City: A comparison of influentials and aver age citizens 
SMITH, DANIEL LEE 
Chemical Engineering 
Diffusion in dilute bismuth-me rcury and lead- me rcury systems 
SMITH, RUTH DAHLBERG 
Home Economics Education 
Tasks performed by Iowa extension family food aides 
SORENSON, PAUL DENNIS 
Biomedical Engineering 
Data expander for medical ultrasound 
SPEHR, Paul Richard 
Biomedical Engineering 
Optimization of flow and control variables for an artificial 
ventricle 
SPITZ, DAN SPENCER 
Geology 
Effect of porosity and mineral ogy on the deformation of St. Peter 
sandstone 
STANLEY, KERRY GLENN 
Organic Chemistry 
Polycyclic semidiones: The long-range hfs in polycyclododecane 
derivatives 
STANLEY, RAYMOND EARL 
Industrial Engineering 
Analysis of a signalized system of traffic intersections by 
digital simulation 
STEYN, RUTH 
Journalism and Mass Communication 
A communication strategy based on audience analysis 
STRAND, MARCIA JOAN 
Home Economics Education 
Beliefs about nutrition: A case study of Southeast Alaskan 
mothers of preschool chil dren 
SYMONS, BETTY L. 
Home Economics Education 
Development of a safety and first aid self-instructional guide for 
housekeeping aides 
TANABE, AKIRA 
Electrical Engineering 
NDRO memory element evaluation 
TAYLOR, HUGH CHRIS 
Agricultural Economics 
Economic considerations for adding a beef cow enterprise on Iowa 
farms 
MASTERS' THESES, 1972-73 
THEE, ROB ERT JOHN 
~Environment (Housing ) 
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Approaches to measurement of housing environments in rural nonfarm 
communities 
THOMPSON, KENT DOUGLAS 
Chemical Engineering 
Remova l of lead from liquid b ismuth by adsorption 
TICE, NANC Y BAYNE 
Psychol ogy 
Development of mediation in free recall learning 
TILLEY, DANIE L STEPHEN 
Agricult ural Economics 
Operational ef ficienc y of decentralized hog mar keting in Iowa 
TOPAR K-NGARM, ANAKE 
Plant Breeding 
Effects of seed maturity and strain on seedling vigor and stand 
es tablishmen t of reed canary grass (Phalaris arun di nacea L.) 
TOPARK-NGARM, BUBPHA 
Agronomy (So i l Fertility ) 
Avai l ability to legumi nous plants of nati ve and app lied phosphates 
in Iowa soi l s 
TOY AMA, KOSUKE 
Mechanical Engineering 
An expe rimental stu dy of centrifugal comp ressor s urge 
TRAKULCHANG, NORASIH 
Animal Science (Poultry Nutrition ) 
Effects of environmenta l temperature, antibiotic s, dietary 
prot ei n and energy levels on broilers 
TRCHKA, DENNIS JOSEPH 
Electrical Engineering 
Analysis of an upper extremity orthotic control system using 
analog simulation 
TRIMBLE, RICHARD ALLEN 
Electrical Engineering 
A teletype input / output control device as an aid to problem setup 
on the EAi 8812 analog comp uter 
TRUMPY, FRANKLIN DALE 
Sol id State Physics 
Growth of single crystals of hexagonal nickel sulfide 
TSAI, DENNIS KANG-PING 
Statistics and Industrial Engineering 
Minimax binomial sequential estimation 
TWEED, DAN LEE 
Sociology and Anthropology (Sociology ) 
A developmental methodology for the study of in terorgan i zat ional 
relationships 
VARILEK, RANDALL EUGENE 
Chemical Engineering 
Continuous f luidizat ion of wheat flour 
VEENSTRA, HENRY ROBERT, JR. 
Civi l Engin eering (Sanitary Engineering) 
Nitrification in biological contact reactors supplemented with 
pure oxygen 
VEJARANO, GILBERTO 
Sociology and Anthrolology (Rural Soc iology) 
Sources of information and the decision - making process of Iowa farm 
cooperative managers 
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VER PLOEG, ALAN JAMES 
Geology 
Microscopic analysis of modes of deformation in experimenta lly de-
formed Adirondack a no rthosite 
WAGNER, GUY ROBERT 
Mechanical Engineering 
Cycles-to-failure and stree- to - failure Weibull d istributions in 
steel wire fatigue 
WATNEY, WILLARD LYNN 
Geology 
Major and minor element distributions in some Pennsylvanian shales 
of Iowa: Their paleoenvironmental interpretations 
WEINRICH, JEROME ARNOLD 
Zoology and Entomology (Zoology - Ecology ) 
Adelie penguin (Pygoscel is adel iae) embryonic development at dif-
ferent temperatures 
WESSELS, HYLA LEVINA 
Food Science 
~uence of final internal temperature and thickness on fat and 
cholesterol content of braised pork chops 
WHITE, LEONARD ANTHONY 
Psychology 
Some effects of attributions relating to one's own and another's 
outcome as a function of one's locus of control and outcome ex-
pectation 
WHITTLESEY, MARC WILSON 
Engineering Mechanics 
A study of wind induced subconductor vibration in bundled power 
transmission lines 
WILDS, STEPHEN DOUGLAS 
Zoology and Entomology (Wildlife Biology) 
Waterfowl harvest on Keokuk Pool, Mississippi River, 1969 and 
1970 
WILLIAMS, DENNIS ALEXANDER 
Chemistry (Inorganic Chemistry ) 
Electrophil ic cleavage reactions of some alkyl transition metal 
sigma bonds 
WILLIAMS, STEPHEN LEE 
Electrical Engineering 
Communications network traffic routing strategy 
WITIAK, JOANNE LYNN JOHNSON 
Organic Chemistry 
7-Silanorbornadienes. Synthesis and reactions 
WITTROCK, DARWIN DONALD 
Zoology (Parasitology) 
Helminth and anthropod parasites of badgers (Taxidea taxus) in 
Iowa 
WONG, WAI WO 
Industrial Engineering and Statistics (Operations Research) 
Optimization of a single stage traffic system 
WOODS, CRAIG FARRELL 
Sanitary Engineering 
Expansion and intermixing of garnet and silica sand during back-
washing of granular filters 
YANG, PAUL CHI-MIN 
Food Technology 
Factors affecting the characteristics of spores of Clostridium 
perfringens 
YOUNG, JERRY LEON 
Soil Fertility 
MASTERS' THESES, 1972-73 109 
A comparison of soybean and corn response in yield and leaf compo-
s ition to added phosphorus and pota s sium f e rtilizer materials 
YOUNG, MICHAEL STEVEN 
Geology 
Willwood meta quart zite conglomerat e in a southwestern portion of 
the Bighorn Basin, Wy oming 
ZAGATA, JANE EICHEL 
Home Economics Educa t ion 
Tasks of selected Iowa vocational home econ omics teachers and 
imp lications for utilizing teacher aid es 
ZANZALARI, DAVID HENRY 
Agricultural Cli matology 
Inf luen ce of spring season soil moisture on seasonal moisture 
s tress i·n Iowa 
ZIMME R, DAVID WILLIAM 
Zoology and Entomology (~ - Li mnology) 
Evaluation of multipl e- plate artificial substrate samplers 
DOCT OR OF PHILOSOPHY DOCTORAL DISSERTATION' S, 1972-73 
ABALU, GEORGE 0 . 
Economics 
Optimal investment decisions in perennial crop production in 
Cameroon: A dynamic programming approach 
ABBEY, DUAN E CARROLL 
Mathemat ics 
Inter lacing and in decomposable modules 
ABDALLA, ABD EL HAFEEZ MOHAMED 
Agricultural Enginee ring 
Therma l conductivity of polyethylene pipes embedded in concrete 
ADAMS, JAMES PAUL 
Physics (Nuclear Physics) 
Stu dy of electron em issions of some mass separated fission product 
activities 
AITCHISON, GARY LEE 
Educati on 
Perceived influences of collecti ve bargaining on selected facu l ty 
involvement issues in Iowa area comm unity coll eges and vocational 
schoo ls 
ANDER L, ROBERT ANDREW 
Nuclear Physics 8 
Photof ission cross sections of 23 U and 235u from 5.0 MeV to 8.0 
MeV 
ANDERSON, RICHARD MARTI N 
Psychology 
Attribute-identification st rat eg ies in the mode rately retarded 
APPLEBY, DR EW CARSON 
Psychology 
Recall from iconic memory as a function of cued attribute, cue 
set size , and delay of report 
ANSON, RICHARD HENRY 
Sociology 
The impact of social-psychologica l variables on farm operator 
adoption behavior. 
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BALZER, EUGENE WAYNE 
Industrial Education 
The teaching of plastics assembly utilizing an experimental 
sould or silent film combined with programmed instruction 
BARDO, RICHARD DALE 
Chemistry (Physical Chemistry ) 
Even-tempered Gaussian atomic orbital bases in quantum chemistry: 
Ab initio calculations on atoms hydrogen through krypton and on 
molecules containing carbon, hydrogen, and oxygen 
BAUER, LARRY GENE 
Chemical Engineering 
Contact nucleation of magnesium sulfate heptahydrate in a 
continuous MSMPR crystal] izer 
BECK, RICHARD ALLAN DOUGLAS 
Economics 
Water quality and community viability 
BETTIS, MERVIN DALE 
Agricultural Education 
Experimental development and evaluation of a shop safety atti-
tude scale 
BODE, JOHN CORNELIUS 
Agricultural Education 
Criteria for determining probable success of future teachers of 
vocational agriculture 
BOOTH, GORDON DIXON 
Statistics 
The errors-in-variables model when the covariance matrix is not 
constant 
BORGSTAHL, RONALD WILLIAM 
Electrical Engineering 
Digital system design and simulation 
BRADY, EUGENE RALPH 
Education 
The effectiveness of field trips compared to media in teaching 
selected environmental concepts 
BREECE, HAROLD EDWARD 
Agricultural Education 
Public supported agricultural mechanics instruction in Iowa 
BRIXIUS, DARRYL WAYNE 
Organic Chemistry 
l. Substituted phenylacetic acids 
l l. 2,5-disubstituted furans 
111. Olefins 
IV. Substituted bienzyls 
BUNTING, ROGER LOUIS 
Nuclear Physics88 88 The decays of Kr and Rb 
BURGETT, CHARLES ALLEN 
Chemistry (Analytical Chemistry) 
Gas chromatographic determination of lanthanide mixed-1 igand 
complexes of l, l, l ,2,2,6,6,7,7,7-Decafluoro-3,5-heptanedione 
BURNS, DOROTHY NELL 
Home Economics Education 
Vicarious experience approach to preparing p rospective teachers 
for inner-city teaching 
BUROW, KENNETH WAYNE 
Organic Chemistry 
Approaches to the synthesis of the petasin sesquiterpenes 
DOCTORAL DISSERTAT IONS, 1972-73 
BUSHEY, WILLIAM RAYMOND 
Chemistry 
Kinetics and mechanism of reactions of some transition metal 
complexes containing metal carbon bonds 
CAMPBELL, KENNETH LEONARD 
Agricultural Engineering 
Hydrologic s imulation of depressional wate rsheds 
CAPLES, VIRGINIA 
Home Economics Education 
Youth expa nded foo d and nutrition education program: Staff 
competencies and youth personal development concepts 
CARITHERS, ROBERT WILLI AM 
Biomedical Engineering~ Veterinary Clinical Science 
Canine hyperthermia with cerebral protection 
CARLSON, GEORGE HAROLD 
Nuclear Physics 138 138 The decays of Xe and Cs 
CARROLL, DAVID RANDOLPH 
Biomedica l Engineering 
Computer-based control of an artificial heart-system 
CAYLEY, WILLIAM EDWARD 
Psychology 
Self-esteem as a moderator of response to pay inequity 
CHENG, CHENG-WEN 
Electrical Engineering 
A formal description of SYMBOL 
CHIEN, SEN - HSIUNG 
Soil Chemistry 
Ion-activity products of some apatite minerals 
CHIRAPANDA, SUTHIPORN 
Agricultural Economics 
111 
Linear programming models of interregional competition for economic 
planning of Thai agriculture 
CHRISTENSEN , JON ELDON 
Botany and Pl ant Pathology (hll_ ~) 
Developmental aspects of microsporogenesis in Sorghum bicolor 
CHRISTIANSEN, LEONARD RUFUS 
Chemical Engineering 
Mixing studies on starch pastes and slurries 
CHURCHWELL, L. MARLENE 
Zoology 
A compar ison of whole animal and summated tissue respiratory 
rates of the abalone, Hal iotis cracherodii 
CLARK, GARY EDWIN 
Physics 
Photoprotons from zinc- 64 
CLAWSON, BARBARA NELLE 
Home Economics Education 
Performa nce and attitude of home economics student teachers as 
affected by the system used in grading them 
CLIFFORD, JEROME ROBERT 
Nuclear Physics 
Decay energies of gaseous fissio n products and their daughters 
for A=88 to 93 
CLINE, TERRY BERNARD 
Electrical Engineering 
Near-optimal state estimation for interconnected systems 
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CORNFORD, EAIN MAXWELL 
Zoology and Entomology (Zoology ) 
Effects of thyroxine and insulin on the trematode Schistosomatium 
douthitti 
CONRAD, KELLEY ALLEN 
Psychology 
Environmental factors in cognitive complexity; Performance dif -
ferences on multiple-cu e tasks 
CRAIG, BRUCE WILLIAM 
Zoology and Entomology (Zoology - Physiology ) 
Effects of exercise, thyroxine, and ag e on corticosterone produc-
tion in the male rat 
CRASE, SEDAHLIA JASPER 
Child Development 
Sharing behavior in middle childhood 
CREIGHTON, MICHAEL OTTO 
Sociology 
Social, personal, and demographic correlates of intergenerational 
communication 
CROAT, JOHN JOSEPH 
Metallurgy 
The magnetic properties of high purity scandium, yttrium, lanthanum 
and lutetium and the effects of impurities on these properties 
CROOK, JAMES ARTHUR 
Education (Higher Education) 
Teaching about mass media in society in the public schools 
CROWN, ROBERT WALTER 
Economics 
A model of income distribution by size-cl ass with application to the 
results of technical change 
CRUDELE, JOSEPH SAMUEL 
Nuclear Engineering 
Study of Ames Laboratory Research Reactor physics characteristics 
by few group design techniques 
CYSEWSKI, SIGMUND JOHN 
Veterinary Pathology 
A tremorgenic mycotoxin from Penicillium puberulum: Its isolation 
and neuopathic effects 
DALE, MARTIN EUGENE 
Forestry 
Growth and yield functions for thinned upland oak stands 
DANLEY, MICHAEL MERLIN 
Animal Nutrition and Crop Production and Physiology 
Changes in the chemical composition and utilization of artificially 
altered corn grain 
DAVID, WILFREDO PINEDA 
Agricultural Engineering 
Digital simulation of sheet erosion 
DAVIDSE, GERRIT 
Botany (Taxonomy) 
A systematic study of the genus Lasiacis (Gramineae, Panicoideae) 
DAVIS, LAWRENCE ARNETTE 
Engineering Mechanics 
Oscillating flow in a constricted tube 
DAY, JOHN WARREN 
Genetics 
Temporal relationship between premeiotic DNA synthesis and heat-
induced recombination in oocytes of Drosophila melanogaster 
DOCTORAL DISSERTATIONS, 1972-73 
DEBELA, SEME 
Agronomy (Plant Breeding) 
Evaluation of reciprocal recurrent selection for grain yield in 
maize (~. ~L.) 
DeBLAUW, ROBERT ALLEN 
Education 
Effect of a multimedia program of achievement and attitudes of 
elementary and secondary students 
DEMEL, JOHN TALLEV 
Metallurgy 
113 
Low temperature heat capacity of YPb 3, LaPb 3 , La 5Pb 3 and La 5Pb 3C DEYOUNG, DONALD BOUWMAN 
Physics 
Mossbauer effect study of 57 Fe in transition metal borides 
DORR, PHILIP EUGENE 
Poultry Nutrition 
Effect of dietary vitamin A, ascorbic acid and their interaction 
on turkey bone mineralization 
DOWLING, WAYNE CHARLES 
Computer Science 
TAG: A terminal for ani mated graphics: Its design and simulation 
DRENNON, CLARENCE BARTOW 
~ Engineering 
Stick-slip fri ction of lightly load ed rock 
DUNPHY, EDWARD JAMES 
Soil Fertility 
Soybean water-soluble-carbohydrate, nutrient, yield, and growth 
pattern responses to phosphorus and potassium fertility differences 
DYKSTRA, GARY FRANK 
Forestry (Biology ) 
Critical nitrogen level of two Populus clones: Growth, nitrate 
reductase and allometric response 
EASTMAN, ROBERT DEAN 
Education (Edu cation al Adm inis tra tion ) 
Th e contribution of percept ions and personal attributes of the 
administrative change team toward initiating massive educational 
change 
EBERT, GEORGE HENRY 
Education 
Participation factors and educat ional needs associated with the 
Iowa State Un i versity alumni continuing education seminars 
EDWARDS, CHARLES RICHARD 
Entomology 
Effect of insectici de applications on arthropod predators of the 
European corn borer - Central Iowa 
EDWARDS, PAUL ALAN 
Inorganic Chemistry 
A nuclear quadrupole resonance study of heavy transition metal 
halide compounds with bridging halogen atoms 
EIDE, ARVID RAY 
Education 
The influence of learning packages and independent study on student 
achievement in engineering graphics 
ELLIOTT, DONALD EARL 
Computer Science 
A language to describe and simulate multip roces sor computer systems 
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ELSBERRY, DENNIS DEAN 
Vete rinary Pathology (Veterinary Toxicology) 
Effect of die ldrin on au d i tory detection behav ior and central 
auditory mechanisms in sheep 
ENGEL, MICHAEL ROY 
Org anic Chemistry 
The total synthesis of carpanone 
ENGLAND, WALTER BERNARD 
Physical Chemistry 
Transferable localized o rbitals for acyclic hydrocarbons 
FALKM AN, PETER WAYNE 
Sociology and Anthropology (Sociology ) 
Objective, subjective an d continuity correlates of life satisfac-
tion among an elderly popul ation 
FE ARS, THOMAS RAY 
Statistics (General Theory ) 
Chernoff-Savage theorems for depe nde nt sequences of random 
variables and applications to asymptotic rela tive e fficiency 
FE DELER, JERRY ALLEN 
Economic s 
An analy s is of commodity aid and po li cies to elimin ate its negative 
effects upon th e commercial ma r ket 
FENTON, CHARLES ELLSWORTH 
Education 
A comparison of two methods of in-se r vi ce teacher training in 
selected nonpublic, midwestern, secondary school s 
FERGUSON, ELDON GLEN 
~Engineering (Soil Engineering ) 
Repetitive triax ial compr ess ion of g ranu lar base course material 
with variable fi nes content 
FOELLER, WILLIAM HARRY 
Economics 
A method for evaluating the impac t an d inci de nce of state and 
loca l taxes with applications to inci den ce and ed ucational grant-
in-aid programs in Iowa 
FORD, JOHNY JOE 
Animal Science (Physiology of Reproduction) 
Gonadotropin levels in lactati ng r ats : Effects of ovariectomy 
FOWLER, ROBERT GILBERT 
Genetics 
Th~ m2 (r-pa-pu ) a llele of the En-controlling e l ement system in 
maize 
GALEJS, IRMA 
Child Development 
Social interaction of preschool children 
GIMMEL, DUANE RAYMOND 
Education (Higher Education ) 
An educational experiment with instructional unit preference and 
phase achievement in a general ed ucati on course 
GOERING, RICHARD VER NON 
Bacteriology 
A characterizati on of mutants of St a phylococcus a ureus exhibiting 
increased sensitivity to ultraviol et ra dia tion 
GRAHAM, DAVID LEE 
Veterinary Pathology 
Studies on inclusion body d isease (herpesv iru s infection) of 
falcons 
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GRESS, MARY EDITH 
Chemistry (Phys ical Chemistry) 
The crystal and molecular structures of n-c5H5Fe(Co) 3 PF6 and two 
insecticides, dieldrin and endrin; an X-ray and neutron study of 
K2Sb 2 (c4H2o6) 2 ·3H 20 
GUJRAL, SUNDER M. 
Nutrition 
Frequency of eating and utilization of protein and calcium for bone 
growth 
GUMBERT, ROBERT LEROY 
Education (Higher Education) 
Conceptions of future job activities as a predictor of academic 
success of engi neering technology students 
HADLEY, GEORGE RONALD 
Physics 
A theoretical treatment of the Schwarz-Hora effect 
HALBIG, JAMES KENT 
Nuclear Physics 
The beta decay of gaseous fission products 
HANSEN, WAYNE ROB ERT 
Crop Production and Physiology 
Net photosynthesis and evapotranspiration of field-grown soybean 
canopies 
HANSON, CLARK WILLIAM 
Agricultural Education 
Public supported instruction in off-farm agribusiness in Iowa 
HAQUE, MOHAMMED SHAHIDUL 
Sol id State Physics 
Electron energy ban d and magnetic field effects on non-local 
optical properties of simple metals 
HENRY, EUGENE ALBERT 
Physics (Nuclear Physics) 39 39 Gamma-ray decay schemes for Kr Rb 
HIDLEBAUGH, EVERETT JAMES 
Education (Edu cational Administration) 
A model for deve lopin g a teacher performance evaluation system: 
A mult iple appraiser approach 
HILL, LLOYD PAYNE 
Chemistry (Organic Chemistry) 
Synthetic approaches to the guaiane sesquiterpenes 
HINDMAN, DONALD LEE 
Ceramic Engineering 
Crack propagation velocities in NaCl crystals 
HINZE, JAY WILLIAM 
Metallurgy 
The effect of applied electric fields on diffusion controlled 
sealing k inetics 
HIRANUMA, HIROSHI 
Nuclear Engineering 
Analysis of radiation from a line source using the transmission 
matrix method 
HOLSTE, JAMES CLIFTON 
Physics (Sol id State Physics) 
Thermal expansion of solid neon from l to 15 K 
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HOOF, HILBERT JOHN 
Agricultural Education 
Machine and machine operator characteristics associated with corn 
harvest ke rn e l damage 
HOOVER, HAROLD MONROE 
Industrial Engineerin g (Engineering Valuation ) 
Property account s imulation us ing a stochastic matrix 
HOPKINS, JOHN RAYMOND 
Physics (Sol id St ate Physics ) 
Surface supercon duct i vity in niobium an d ~ iobi um-tantalum alloys 
HUANG, HER TZAI 
Statistics 
Combining multiple responses in sample survey 
HULLEMAN, HAROLD WAYNE 
Education (Educational Adm inistration) 
Effect s of in-servi ce tra inin g on elementary teachers pertaining 
to science achievement and attitudes toward envi ronmental science 
JACOBAL, ROBERT WILLIAM 
Physics 
The non-strange neutral meson spectrum from Tip -*1°n at 2 . 4 GcV / c 
JENNINGS, CLARK WALLER 
Agronomy (Plant Br eed ing ) 
Genetics of resistance in maize (Zea mays L.) to second-brood 
European corn borer (Os trinia nubi Jal is Hubner ) 
JOBSON, JOHN DAVID 
Statistics 
Estimation for 1 in ea r mode ls with unknown d iagonal covariance 
JOHNSON, JOHN EMIL 
Physical Chemis try 
The crystal structure dete rminations of 2,2 1 bipyridylamine an d 
three copper (11) complexes with 2,2 1 bipyri dy lamine 
JONES, CHARLES WILLIAM 
Education (Guidance and Counseling) 
Adaptation of the theory of work adjustment to the graduates of 
the engineering coope rative education program at Iowa State 
University 
JONES, JAMES ALBERT 
Zoology (Limnology ) 
The ecology of the mudm innow, Umbra~ (Ki rtland ) in Fish 
Lake (Anoka County, Minnesota) 
JONES, JAMES EDWARD 
Education 
Computer-si mulated expe riments in high school phy sics and chemistry 
JONES, JOHN ACKLAND 
Entomology 
Postembryonic development of the reproduct ive sys tem of the 
European corn borer, Ostrinia nubilali s (H ubn e r ) 
KAY, H. DAVID 
lmmunobiology 
The in vitro response of bovine peripheral blood lymphocytes to 
phytohemagglu t inin and tuberculin 
KEEFE, THOMAS JOSEPH 
Statistics 
The use of concomita nt information in multivariate sequential tests 
of statistical hypotheses 
DOCTORAL DISSERTATIONS, 1972-73 
KHAN, MUHAMMAD YUNUS 
Water Resources and Soil Engineering 
Theory of some free surface groundwater seepage problems 
KINNE, FREDRIC LEE 
Chemical Engineering 
Mass transfer in the human respiratory system 
KLUG, THOMAS LEO 
Biophysics 
Conformational induction in block copolypeptides 
KOCIMSK I, STANISLAW MARIA 
Nuclear Physics 
Photoneutron cross sections for bismuth-209 
KOCKLER, LOIS MAE HAASE 
Educati on 
Using computer assisted instruction in overcoming attitude 
barriers 
KOPPEN, JOHN DEWAR 
Botany (Aquatic Plant~) 
Distribution of the species of the diatom genus Tabellaria in a 
portion of the north-central United States 
KRAPU, GARY LEE 
Zoology and Entomology (~ - Ecology ) 
Feeding ecology of the pintail (Anas acuta) in North Dakota 
KRASE, LOREN DELL 
Physics (Elementary Particle Physics) 
Contributions of ti me -reversal noninvariant terms in electron-
nucleus elastic scattering 
KR UT KUN, TAW IN 
Soi l Chemistry 
117 
Availability of phosphorus in phosphate rock to plant species dif -
fering in mineral composition 
LAFLAMME, LEAH BIMLICH 
Animal Nutrition 
Factors affecting feed intake and feed efficiency of lactating 
dairy cows 
LAFLAMME, LOUIS FREDERIC 
Animal Nutrition~ Meat Science 
Growth of the longissimus muscle in ma le cattle 
LAFLEN, JOHN MATTHEW 
Agricultural Engineering 
Simulation of sedimentation in tile-outlet terraces 
LANG, JAMES MORRIS 
Botany (Taxonomy) 
Eysenhardtia (Leguminosae): Taxonomic revision and relationships 
LASER, KENNETH DARNELL 
Botany and Plant Pathology (Botany) 
A light and electron mic roscope study of microsporogenesis in 
cytoplasmic male sterile Sorghum bicolor (Gramineae) 
LASSETTEE, JOHN STUART 
Botany (Taxonomy) 
A biosystematic study of the Vicia ludoviciana complex 
(Leguminosae) 
LEE, CATHERINE TING 
Biochemistry and Biophysics (Biochemistry) 
lsozymes and subunits of porcine pancreatic a, -amylase 
11 8 DOCTORAL DISSERTATIONS, 1972-73 
LEE, HA I YOUNG 
Electrical Engineering 
The effects of chemical etching on the magnetic properties of 
permalloy films 
LEE, YOON YOUNG 
Chemical Engineering 
Absorption with heterogeneous reaction 
LEFEBVRE, VERNA MARY 
Home Economics Education 
Social and psychological aspects of clothing: Independent study 
vs. lecture-discussion 
LEHMAN, BARBARA 
Mathematics 
Local connectedness, cyclic element theory and arcwise connected-
ness in topological spaces 
LEIBBRANDT, VERNON DEAN 
Animal Science (Animal Nutrition) 
Fat as an energy source for baby pigs 
LI, PUO-WEN 
Sol id State Physics 
Hall mobility and magnetoresistance of n-type magnesium germanide 
LOESCHER, JUDITH ELIZABETH HUNT 
Botany (Aguatic Plant Biology) 
Diatoms from a native Iowa Prairie 
LOGANI, KULBHUSHAN LAL 
Civil Engineering (Soil Engineering) 
Dilatancy model for the failure of rocks 
LU, C.HUNG-CHI 
Agricultural Economics 
The role of food aid, agricultural development and capital forma-
tion in economic development: A case study of Taiwan 
MAEHARA, RYUJI 
Mathematics 
An obstruction theory for fibre-preserving maps 
MAHMOUD, ALI RAMADAN 
Agricultural Engineering 
Distribution of damage in maize combine cylinder and relationship 
between physico-rheological properties of shelled grain and damage 
MAIER, LEO ROBERT 
Engineering Mechanics 
Wave propagation in linear viscoelastic plates of various 
thicknesses 
MARTENSEN, TODD MARTIN 
Biochemistry 
Regulation of enzyme interconversion: The utilization of an 
alternative substrate to study the action of modifiers affecting 
the phosphorylase phosphatase reaction 
MARTINEZ, JUAN CARLOS 
Economics 
On the economics of technological change: Induced innovation in 
Argentine agriculture 
MARTINOS, NIKOLAOS STEPHANOU 
Economics 
A. Economic models of the labor market in the farm sector of the 
north central region of the United States 
B. The demand for farm labor in the United States 
DOCTORAL DISSERTATIONS, 1972-73 
MATTOX, JOH N ROBERT 
Chemi st ry (Organic Chemistry) 
Uns a turated 1,4-semid iones 
MAYHEW , DENNIS E. 
Plant Pathology 
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Chloropl a s t involvement in the replication of maize dwarf mosaic 
v iru s 
McC ARTHY, JON JAY 
Nucl ea r Physics 
A s ys t ema t ic study of the photod isintegration of ge rmanium iso-
tope s 
McCRACKEN , RICHARD OWEN 
Zoology and Entomology and Animal Science (Zoology - Parasitology 
an d Ani mal Nutrition ) 
Glucose absorption and metabolism in Haematoloechus medioplexus 
(Trematoda : Haematoloechi idae ) 
MclLWAIN, JOHN FRANCIS 
Metallurgy 
The recovery of low temperature neutron irradiation effects in 
vana d ium 
McL ACHLAN, DAVID ROBERT 
Metallurgy 
The e f fect of nitrogen on the strength of thorium 
McNAMER, ALAN DALE 
Botany and Plant Pathology (Plant Physiology) 
Pro line catabol ism in Chlorella 
McWHORTER, GEORGE MICHAEL 
Zoology and Entomology (Entomology) 
Evaluations of multiple applications and persistance of insecti-
ci des for European corn borer control 
MENDEL, RAYMOND MAX 
Psychology 
An experimental analysis of expectancy, instrumentality valence, 
and ability as determinants of effort and performance 
MERRITT, KENNETH EARL 
Statistics 
Some aspects of combinabil ity of information 
MERRYMAN, DON JAY 
Chemistry (Inorganic Chemistry ) 
The synthesis and characterization of three polyhalogen tetra-
chloroaluminates 
MEYER, CHARLES RAYMOND 
Biomedical Engineering 
Computerized enhancement of ultrasonic echograms 
MEYER, JOHN SIGMUND 
Statistics (Survey Sampling) 
Confidence intervals for quantiles in stratified random sampling 
MEYER, ROLAND DEANE 
Agronomy (Soil Fertility) 
Yield and chemical composition of corn and nitrate movement in the 
soil as influenced by time of application and source of nitrogen 
MICHELS, THOMAS ERNEST 
Computer Science 
Integration of systems of equations in chemical kinetics 
MILLER, MAX JOSEPH 
Mechanical Engineering and Engineering Mechanics 
Some aspects of deviation angle estimation for axial-flow compres-
sors 
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MINAKUCHI, SATOSHI 
Nuclear Engineering 
Performance characteristics for optimized core mod ule of liquid 
metal fast breeder reactor 
MOHLING, ROBERT ALLAN 
Aerospace Engineering and Mechanical Engineering 
Numerical computation of the hypersonic rarefied flow past the 
sharp leading edge of a flat plate 
MOLINE, HAROLD EMIL 
Plant Pathology 
Sugarcane mosai c, bromegrass mosai c, and clover ye llow mosaic 
viruses in roots and shoots of selected hosts 
MORRIS, RICHARD ANDREW 
Soil Fertility 
Simulation-model-derived weather indexes for regressing Iowa corn 
yields on soil, management, and climatic factors 
MORRIS, WILLIAM CALVIN 
Animal Science (Animal Nutrition ) 
Effect of processing methods on utilization of feather meal by 
broiler chicks 
MOWBRAY, RODNEY CAMERON 
Zoology and Entomology (Zoology - Embryology) 
Gamete surface mo lecular components and their f unctional roles in 
sperm-egg interactions of the horseshow crab, Limulus polyphemus 
L. (Merostomata): An immunological and biochemical approach 
MULLER, ROGER DALE 
Animal Science (Poultry Nutrition) 
First 1 imiting amino aci ds and leucine imbalance in various 
corn-soy laying hen diets 
MUNDY, WILLIAM CHARLES 
Physics 
Raman spectra of the water stretching frequencies in rare earth 
chloride solutions as a function of concentration 
MURPHY, EARL PRENTISS 
Education 
A study of school health programs in selected public schools in 
Iowa, kindergarten through twelfth grade 
NASIR!, SUFIAN KAMIL 
Zoology and Entomology (Fisheries Biology) 
Growth of carpsuckers, Carpiode s spp. as indicated by RNA/DNA 
ratios 
NELSON, ALBIN JAMES 
Chemistry (Organic Chemistry ) 
The synthetic routes to heterocycloheptatrienes 
NEUFELD, ROBERT WILLIS 
Mathematics 
Cellularity and negligibility in infinite-dimensional normed 
1 inear spaces 
NIEBAUM, ELDON JEROME 
Computer Science 
Design and complete definition of a systems programming language 
for data communications 
NOACK, HORST RICHARD 
Psychology 
Application of latent trait models to the ACT Mathematics Usage 
test 
NOURY, MOST AFA MOSTAFA 
Sociology 
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The impact of the individual and rural community variables on the 
adopt ion of new farm practices in rural Egypt 
NOWACKI, CHRISTINE MARIE 
Psychology 
An app lication of social psycholog ica l theory to role p laying in 
a counseling analogue 
OBLINGER, JAMES LESLIE 
Food Technology 
Oxidation-reduction potential and growth of Sal monel la spp. and 
Pseudomonas fluorescens 
OCCELLI, MARIO LORENZO 
Physical Chemistry 
The k inetic theory of dense gases. Th e calculati on of t he v iscosit y 
and therma l conducti vi t y vi rial coeff icient s 
ODURUKWE, SYLVANUS OZURUMB A 
Soi 1 Fert i 1 i ty 
Diffe rential responses in growth, rate of net photosyn thesis, 
chemical composition and y iel d of seed among soybean lines f rom 
appl ied N, P, K fertilizers 
OGEDENGBE, MARTINS OLUSOL A 
~ Engin ee ring 
Polyelectrol ytes in the trea t ment of wastewa ters 
OGUNFOWORA, OLABISI 
Economics (Ag ricultural Econ omics ) 
De ri ved resource deman d , product supply and farm pol icy in the 
North Central State of Nigeria 
OG UNL ANA, MICHAEL OGUNLE KE 
Entomology 
Bi oeconom ics and pest s tatus of the potato leafhopper on soybean 
in central Iowa 
OJO , GABRIEL IDOWU OLADEJI 
Economi cs 
An econometric-si mu lation mode l of the Nige rian economy 
OLAWOY E, OLUMAY OKUN OMOTAYO 
Forestry (Economics and Marketing) 
Economic investigation of silage sycamore production 
OLOUMl - SADEGHI, HASSAN 
Ent omol ogy 
Development of methods for the prediction of Europ ean corn borer 
flight and egg deposition 
ONTHUAM, VERA 
Electrical Engineering 
A mode l stu dy of the effect of an atmospheric thermal plume on a 
1 ine-of-sight radio link 
OSWEILER, GAR Y DOUGLAS 
Veterinary Pathology (Ve terinary Toxicology) 
The infl uence of an orally administered antibiotic combination on 
th e tox icity of wa r f arin to swine 
PALMER, KENNETH FRANCIS 
Educat i on (Educational Administrati on ) 
Collective bargaining an d Iowa educators : A framewo rk for a model 
collective bargaining statute reflecting current opinions of 
adversaries 
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PAPAGEORGIOU, EFSTATHIOS 
Economics 
An econometric analysis of the structure of the Greek economy and 
its development prospects 
PAPENFUSS, MARVIN CARLTON 
Mathematics 
Successive approximations for two-point boundary value problems 
PATANOTHAI, ARAN 
Agronomy (Plant Breeding) 
An analysis of environmental responses and genetic effects for 
yield in single-crosses and three- way hybrids of grain sorghum 
PATEL, ANJANI C. 
Child Development 
Behavior styles of children under varying conditions of stress 
PORTER, DAVID WILLIAM 
Electrical Engineering 
Stability of multiple-loop nonlinear time-varying systems 
POU, CLAUDIO 
Economics (Agricultural Economics) 
Optimal al location of agricultural resources in the Development 
Area of Patacamaya, Bolivia. A linear programming approach 
POWELL, REX LYNN 
Animal Breeding 
Estimation of genetic trends and effect of genetic trends on sire 
evaluation 
PRITCHETT, JOHN FRANKLYN 
Zoology (Physiology) 
Effects of age, exercise, graded thyroxine levels and adreno-
corticotrophic hormone upon the in vitro secretion of corti -
costerone in the male rat 
PROMNITZ, LAWRENCE CHARLES 
Forestry 
A photosynthate allocation model for tree growth 
PURICH, DANIEL LEE 
Biochemistry 
Kinetic and regulatory properties of rat brain hexokinase 
PYNE, DAVID ALBERT 
Statistics 
Duality in abstract mathematical programming with applications to 
statistical problems 
RAHN, ALLAN PAUL 
Economics 
A quarterly simulation model of the livestock and poultry sub-
sectors for use in outlook and price analysis 
RAJTORA, STANLEY GENE 
Aerospace Engineering and Electrical Engineering 
Application of projection operator techniques to optimal control 
problems 
RARD, JOSEPH ANTOINE 
Physical Chemistry 
The electrical conductances of some aqueous rare earth electro-
lyte solutions from five hundredths molal to saturation at 25°C 
RATHORE, YOGENDRA SINGH 
Zoology and Entomology (Entomology) 
Inheritance and survival on field corn of European corn borer 
larvae reared on a meridic diet 
RIEDER, MARY ELIZABETH 
Economics 
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A si multaneous equation model to determine the rate of inflation 
RIGGINS, RHONDA LEE 
Botany (Taxonomy) 
A biosyst ema t ic study of the Sporobolus asper complex (Gramineae ) 
RILEY, CHARLES AL LEN 
Mathematics 
Negligibility in non-locally convex spaces 
ROSKOPF, ROBERT FRANK 
Sanitary Engineering 
Trick! ing filter -- activated sludge combinations for domestic 
wastewater treatment 
ROTH, ROBERT WAYNE 
Chemistry (Organic Chemistry ) 
Synthesis, reactivity, and spectroscopic properties of substituted 
bicyclo(n.1.0) alkanes 
RUENKRAIRERGSA, TEERACHARTI 
Soil Engineering 
Swelling pressure of sodium montmorillonite in relation to inter-
layer spacing 
RUSSELL, KENNETH ROBERT 
Wildlife Biology 
Artificial structures and microclimate in relation to pheasant 
nesting 
SAGEMAN, DAVID RICHARD 
Chemical Engineering 
Surface tension of molten metals using the sessile drop method 
SAMPSON, OTTO CARLO, JR. 
Sociology 
A social system analysis of the effectiveness of an economic 
organization 
SANDRY, THOMAS DENNISTON 
Chemical Engineering 
Drop shapes and internal flow patterns by numerical solution of 
the Navier-Stokes equations 
SCHNORR, JANET KAY 
Psychology 
Effects of dieldrin on learning and retention of a visual 
discrimination task in sheep 
SEEMANN, RICHARD CHARLES 
Chemical Engineering 
Predictive control of a mixer-settler extractor separating the 
rare-earths 
SEVERANCE, HAROLD GAIL 
Agricultura l Education 
Pub! ic supported instruction in agronomic science in Iowa 
SEYMOUR, MARK DONOVAN 
Analytical Chemistry 
Rapid separation and determination of heavy metals in hydro-
chloric acid by forced-flow anion exchange chromatography 
SHAW, ROBERT EBY 
Metallurgy 
Convection effects during electrotransport of liquid metals 
SHEIKH, GHULAM SARWAR 
Agricultural Engineering and Mechanical Engineering 
The mechanics of soil cutting equipment and emergence of seedlings 
124 DOCTORAL DISSERTATIONS, 1972-73 
SHULT, MILO JACK 
Zoology and Entomology (Wil d life Biology ) 
American bison behavior patt e rns at Win d Ca ve National Park 
SIMON, DAVID EUGENE 
Geology 
Physical and chemical changes related t o epigenetic dolomitization 
SIMONEN, EDWARD PAUL 
Metallurgy 
Edgewise growth kinetics of Wi dman s tatten pre c ip itates 
SMITH, RICHARD BENNETT 
Agricultural Economics 
Pay packages and employment cond itions of farm employees in eastern 
Iowa 
SMITH, RICHARD MICHAEL 
Psychology 
Successive discrimination re ve rsal an d d i e ld rin tox icity in the 
squirrel monkey (Saimiri sciureus) 
SMITH, VICTOR GORDON 
Forestry 
Estimating performance in ski dding ti mber 
SMREKAR, JOSEPH JOSEPH 
Chemical Engineering 
Effects of particle concentration, size ratio, and size distribu-
tion on the rheological beha v ior of suspensions flowing in tubes 
SNYDER, RICHARD VERN 
Inorganic Chemistry 
A study of stereoselective ami no acid complexes of copper (I I) 
and n i eke 1 (I I) 
SPIES, PHILIPPUS HENDRICK 
Economics 
Management of water quality through selected institutions and 
instruments 
SRIRAMLU, UMA 
~Environment and Home Economics Education 
Socioeconomic level related to orientations to 1 ife of mothers in 
small towns of southwest Iowa 
STANEK, EDWARD JOSEPH 11 
Physics 
Modulation of electron waves by means of a laser 
STEIN, RICHARD ALBERT 
Statistics 
Linear model estimation, projection operators, and conditional 
inverses 
STEVENS, CLARK ABEL 
Education (Educational Administration ) 
Perceptions and expectations of the leadership behavior of 
selected superintendents and their administrative teams in five 
midwestern states 
STORY, JON ALAN 
Zoology and Entomology (Zoology - Physiology ) 
Exercise as related to thyroid hormone secretion rate, serum and 
hepatic 1 ipid concentrations, and car d iac size in the aging rat 
STOUT, ROSCOE EUGENE 
Economics 
Land as a competitive asset and capital proxy 
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STRETZ, LAWR ENCE ALBERT 
Chemical Engineering 
High temperature heat content of selected rare earth metals by 
levitation calorimetry 
SUAREZ-HERNANDEZ, ARTURO 
Agronomy (Soil Fertility ) 
Availability of native and added potassium in some Iowa soils 
SUBRAMANIUM, SARASWATHI 
Child Development and Psychology 
On representation in short - term memo ry : A developmental study 
SULLIVAN, TERENCE JOSEPH 
Nuclear Engineering 
Containment sy stems for storage of soli dified high-level radio-
active wastes i n bedded salt depos its 
SWIFT, WILLIAM MORTON 
Chemical Engineering 
Desulfurization of calcium sulfate in a mult iple zone reactor 
TANUDIMADJI, KUSMAT 
Veterin ary Anatomy 
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Morphology of the lymph drainage of the head, neck, thoracic li mb 
and thorax of the goat (Capra hircus) 
TAYLOR, LARRY ROBERT 
Chemistry (Analytical Chemistry) 
Electroanalytical determination of antimony using electrocatalytic 
and enhancement phenomena 
TEIGLAND, DAVID WILLIAM 
Education (Educational Administration) 
A study of interpersonal relationships in school administration 
TEJEDA SAHUEZA, HERMAN R. 
Soil Fertility and Statistics (General Methods) 
Statistical analysis and model building for a wheat production 
system in Chile 
THAKKAR, RAJNIKANT BHOGILAL 
Engineering Mechanics 
Exact sinuso idal simulation of fatigue under Gauss ian narrow band 
random loading 
THORNTON, JOHN HOWARD 
Animal Science (Animal Nutrition) 
Effects of anima~, nutrition, genetics, and adipose tissue 
size on in vitro 1 ipolysis and NADPH generation in bovine adipose 
tissue 
TICE, THOMAS EVERT 
Psychology 
Fishbein 1 s model of behavioral intentions: Artifact or reality? 
TIMMERMAN, LONNIE D. 
Education (Educational Adm inistration ) 
Learning activity packages vs. audiotutorial instruction as a 
vehicle for teaching physical education administration 
TIYAWALLE, DUMRONG 
Agronomy (Plant Breeding) 
Studies on linkage between protein and crown - rust reaction loci in 
crosses of Avena sati va x A. sterilis 
TOKKO, MOK -- --- -
Computer Science 
Optimal three- dimensional projection me thod for solving linear 
algebraic equations 
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TSAO, ALAN HSIANG-YU 
Economics 
Spatial equilibrium and regional comparative advantages in 
American agriculture 
TSAO, FRANCIS HSIANG-CHIAN 
Biochemistry 
Chemistry and biochemistry of benzoxazinones in maize 
TURNER, MICHAEL THOMAS 
Plant Pathology 
The effect of Helminthosporium maydis race T toxin in Zea mays 
leaves 
TUTTLE, WILLIAM LESLIE 
Animal Science (Animal Nutrition) 
Amino acid supplementation of low-protein and amino acid 
imbalanced diets 
URS, N. V. RAMARAJE 
Botany and Plant Pathology (Plant Pathology) 
The function of peroxidase in plant resistance to bacterial 
pustule disease of soybeans 
VANCE, LONNIE CHARLES 
Statistics 
Distribution of discriminant functions with unequal convariance 
matrices under intraclass correlation models 
VAN DYKE, GERRIT DONALD 
Botany and Plant Pathology (Botany - Ecology) 
Aspects relating to emergent vegetation dynamics in a deep marsh, 
northcentra l Iowa 
VANDEPITTE, WALTER MICHEL 
Animal Breeding 
Factors affecting the accuracy of selection indexes for the genetic 
improvement of pigs 
VANDERMOLEN, HAROLD JOHN 
Nuclear Physics 
The determination of (y,n) and (y,2n) cross sections in 72Ge, 
7 4G e , and 7 6G e 
VARGO, ALEXANDRA 
Zoology 
lntraspecific communication of Empoasca fabae and Empoa sca obtusa 
(Homoptera: Cicadellidae): A comparative~ysis 
VENGRIS, VITOLIS ENRIKAS 
Veterinary Microbiology 
Effect of lead on i nterferon production and antiviral effect of 
interferon on Marek's disease in chickens 
VOGEL, JERALD MILO 
Aerospace Engineering and Mechanical Engineering 
Numerical calculation ~flow fields about rectangular wings of 
finite thickness in supersonic flow 
VREEKEN, WILLEM JAAP 
Agronomy (Soil Morphology and Genesis) 
Geomorphic regimen of small watersheds in loess, Tama County, Iowa 
WALKER, RICHARD WAYNE 
Zoology and Entomology (Zoology - Physiology) 
Effect of estrogen and progesterone on lactating rat mammary 
glands: A light and electron microscope study 
WALLENTINE, VIRGIL 
Computer Science 
An abstract machine to control the execution of semi-independent 
concurrent computations 
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WALLER , JOH N BRYAN 
Entomo logy (Insect Toxicology) 
Interaction of three Iowa soils with the organophosphorus insect-
icide phorate and its metabolites, and the ef f ect of these compounds 
on southern corn rootworm larvae 
WALLNER, STEPHEN JOHN 
Plant Physiology 
Cel 1 aggregate development in suspension cu l tures of Paul 1 s 
Scarlet rose 
WANGEN , ROGER MAURICE 
Animal Science (Poultry Products Technology) 
Influence o f age of turkey muscle 1 ipid depositi on 
WARD, TED DURST 
Agricultural Education 
Public supported instruction in economics of farm business manage-
ment in Iowa 
WARDE , WILLIAM DOUGLAS 
Statistics (General Theory) 
Simple 1 inear regression estimation with inequality constraints on 
the parameters 
WATSO N, HARLA N LEROY 
Solid State Physics 
Critical field curves for ThU alloy system 
WEAVER, JOHN HERBERT 
Sol id State Physics 
The optical properties of some transition metals 
WEBB, THOMAS RODNEY 
Inorganic Chemistry 
Reacti ons of some transition metal complexes 
WEBB, VINCENT JOEL 
Sociol ogy and Anthropology ( Sociology) 
Behav io ral involvement in the Jefferson Reservoir issue: A model of 
alternati ve forms of involvement 
WILKINS , DALE EDWARD 
Agricultural Engineering 
The relationship among soi 1 manipulation, seedling environment and 
plant growth 
WILLIAMS , DAVID BURKS 
Animal Science (Animal Nutrition) 
Evaluation of earl y weaning and dairy calves for bull-beef 
production. Protein and diethylstilbestrol interactions 
WILLIAMS, JOHN PENNINGTON 
Education (Higher Education ) 
Sports on campus: A study of the relationship between students 1 
values and their attitudes toward intercollegiate athletics 
WILSON , JAMES HENRY 
Bo tany ( Eco 1 ogy) 
Distri bution patterns o f mudflat vegetat ion i n Iowa f lood control 
reservo irs 
WISMER , ROBERT KINGSLEY 
Physical Chemistry 
The crystal structure determinations of transdicyano trien cobalt 
(111 ) perchlorate and potassium anti mony (111) pentachloride and 
two phase determination techniques based on Patterson deconvolution 
W I T I AK , DAV I D 
Physical Chemistry 
Radiolysis of tris (ethylenediamine ) cobalt (I I I) salts 
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WOLVEK, JOSEPH 
Education (Educational Administration) 
School superintendents 1 perceptions of the ef f ects of state finance 
legislation upon school programs 
WOOTEN, DAVID FRANCIS 
Mathematics 
On the completion of topological structures and the extension of 
associated mappings 
YES TE R , M I CHA EL V I NC ENT 
Nuc 1 ear l'_h~ 
Photofission cross sections of 232Th and 236u from threshold to 
8 MeV 
ZAGATA, MICHAEL DEFOREST 
Zoology and Entomology (Wildlife Biology) 
Range and movement of Iowa deer in relation to Pi lot Knob State 
Park, Iowa 
